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NOTICE

Copyright © 1999 C-FER Technologies Inc. All rights reserved.

This report describes the methodology and findings resulting from Research Services conducted
by the C-FER Technologies Inc. (“C-FER™) on behalf of a group of companies (the
“Participants”) which provided financial and technical assistance under a Consortium Research &
Technology Transfer Agreement entitled “Pipeline Sector”, (the “Consortium Research™).

Document Duplication

C-FER retains the copyright to this report and it is therefore provided as an Instrument of Service
for use by Participants. The whole of this document or any portion thereof (including text,
figures. tables, graphic illustrations, diagrams, efc.) shall not be reproduced or transmitted in any
form or by any means, electronic or mechanical, including photocopying or digital recording.
Additional copies of this report are available to Participants from C-FER upon the payment of
nominal fee. Portions of this report cannot be used for publication purposes without first
receiving express written permission from C-FER. Such permission will not be uttreasonably
withheld by C-FER. Any authorized use of such portions of this report by Participants must
include an acknowledgment of C-FER and a complete reference to both the Consortium Research
and to this source document.

Restriction of Use and Dissemination

This report is a Deliverable as defined within an agreement controlling the Consortium Research
as executed between C-FER and each of the Participants (the “Consortium Research
Agreement”). As specified by the terms and conditions of the Consortium Research Agreement,
all Consortium Research Technology information, which includes but is not restricted to data.
information and/or know-how contained in this report, is owned by and is the property of C-FER
and 1s provided exclusively to Participants under terms of confidentiality in the “Obligations of
The Member” clause contained within the Consortium Research Agreement. Participants are
provided limited rights to use Consortium Research Technology information and all readers of
this report are advised to review the Consortium Research Agreement for greater detail and
clarity relating to the duties, obligations and responsibilities controlling the parties of the
Consortium Research and more specifically the use and dissemination of the Consortium
Research Technology information contained in this report.

Disclaimer

C-FER makes no representation or warranties, either express or implied, as to any matter
cluding, without limitation, the condition, quality or freedom from error of the data,
information, analysis and conclusions contained within this document, any merchantability, or its
fitness for any particular purpose and all warranties, express or implied, statutory or otherwise
are hereby negated. The Participants accept the contents of this report AS IS and acknowledge
that any use or interpretation of the information contained is at their own risk.
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EXECUTIVE SUMMARY

The objective of this project was to provide a mechanism for the collective assessment, by
companies and government agencies participating in the PIRAMID™ development imtiative, of
the degree to which the pipeline system prioritization modules provide repeatable resuits that are
consistent with available historic data and expert engineering judgment. The project also served
to identify areas where improvement is desirable in terms of the accuracy and/or repeatabiiity of
the models.

The specific program modules evaluated include PIRAMID™ Onshore Prioritizattion and
PIRAMID™ Offshore Prioritization (Version 1.4 reieases dated February 1998). The approach
developed to validate the models implemented in these programs was to have C-FER personnel
use the software to analvse representative segments of real pipelines based on information
supplied by participating operating companies (or supplied on behalf of operating companies by
participating government agencies). The results obtained for the line segments submitted were
then processed, summarized and presented to participants for review. A one-day workshop,
involving all current program participants, was then held to provide a forum for a discussion of
the results obtained. The workshop findings form the basis for the conclusions and
recommendations presented herein.

Note that it was originally intended that both gas and liguid pipeline systems would be
considered in this validation exercise. However, C-FER did not receive the required data for
liquid lines. The final work scope was therefore restricted to an evaluation of the models
applicable to natural gas pipeline systems only. Given this restriction the parts of the
consequence estimation model associated with the estimation of liquid spill volumes and the
financial and environmental impact of persistent liquid spills were not evaluated in this project.

In total, 19 sections of onshore natural gas pipeline, having varying perceived combinations of
low and high failure probability and low and high failure consequences, were submitted for
analysis. For offshore pipelines, however, only a single gas pipeline was submitted for analysis,
and while the offshore line was reported to contain sections corresponding to low and high
estimates of the likelihood and consequences of failure, these distinct sections were not explicitly
delineated. To exercise the offshore risk estimation models over a range of conditions and
provide a basis for discussion, the line was divided into four representative sections. Selected
line attributes were then modified, and the resulting offshore line sections were then subjectively
classified by C-FER as to both the probability of failure and the severity of failure consequences.

The general findings of this model validation process are as follows:

e The overall risk rankings obtained using the prioritization models, for both onshore and
offshore pipelines, are broadly consistent with expectations.

e Sections subjectively assessed to have relatively low and high probabilities of failure were
correctly delineated and both low and high consequence areas were clearly reflected in the
total risk estimates.

e The ranking of individual pipelines by the estimated risks levels associated with individual

failure causes was found to correctly target the failure mechanisms expected to contribute
most to the failure potential for the lines in guestion.

vi
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Executive Summary

In addition, it was found that the consequence estimation models currently implemented appear
to provide a more accurate representation of the true range of failure consequences (i.e., several
orders of magnitude) than available alternative models. most of which are based on subjective
characterizations of failure impact. Since ranking models that underestimate the range of failure
consequences will tend to produce a ranking that is skewed towards high probability sections. the
implication is that the PIRAMID™ prioritization models provide a more balanced
characterization of operating risk.

With specific regard to the prioritization models developed for onshore pipeline systems, some
areas of concern were identified, particularly with regard to the perceived accuracy of models
developed for estimating the probabilities of failure due to external metal loss corrosion, stress
corrosion cracking and mechanical damage. In terms of repeatability issues, some model input
parameters were identified as having the potential for differing interpretations of what is to be
specified.

Specific comments on, and suggestions for improvements to, the probability and consequence
estimation models applicable to onshore pipelines, as provided by companies and agencies
participating in the PIRAMID™ development initiative, are summarized in Section 4.2 of this
report. The listed comments pertaining to the accuracy and repeatability of the probability
estimation models are currently being addressed in a follow-on project in the PIRAMID™
development program (Project 8 in the approved works scope for the 1998 budget year), which
involves revisions to the prioritization models. The issues raised pertaining to the consequence
estimation models are being addressed in another {ollow-on project (Project 5 in the approved
works scope for the 1999 budget year), the scope of which encompasses general PIRAMID™
model and software improvements.

Note that no specific comments were received on the probability and consequence estimation
models associated with the offshore pipeline system prioritization software. This stems from the
fact that no offshore pipeline operators were available to participate in the validation process
(i.e., test cases for offshore pipelines were submitted by operating companies that do not belong
to the PIRAMID™ development program through the US Minerals Management Service}. It is,
therefore, recommended that accuracy and repeatability issues, as they relate to the models
developed for offshore pipelines, be revisited in the near future when more direct involvement of
offshore pipeline operating companies can be obtained.
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1. INTRODUCTION

1.1 Rationale

During the course of the PIRAMID™ program development initiative, the adopted physical and
probabilistic models are tested to ensure that, from C-FER’s perspective, they produce results
that are both reasonable and sufficiently accurate for their intended purpose. The software is also
tested to verify that the chosen methods and models have been correctly implemented.

Now that some of the program modules have passed this initial stage of verification and been
delivered to the participants as operational (non-beta) versions, it 18 possible to undertake
additional testing aimed at validating the PIRAMID™ methodology from a broader perspective.
The purpose of this follow-on work is to provide a way for both C-FER and companies
participating in the PIRAMID™ program development initiative to assess how well the
PIRAMID™ approach performs for actual pipeline systems with respect to the following criteria:

« Reasonableness. Are the resuits obtained consistent with historic trends and engineering
judgment?

« Repeatability. Would different users obtain similar answers if they analyzed the same
pipeline?

In addition to the potential for identifying possible improvements to the program modules in the
above areas, this validation process will result in a better understanding by the participants of
how to use PIRAMID™ effectively and ultimately improved confidence in the final product.

1.2 Scope and Objectives

The specific objective of this project was to provide a mechanism for the collective assessment.
by companies and government agencies participating in the development initiative, of the degree
to which the PIRAMID™ pipeline system prioritization modules provide repeatable results that
are consistent with available historic data and expert engineering judgment. Current releases of
both onshore and offshore versions of the prioritization software are addressed in this exercise
(i.e.. PIRAMID™ Onshore Prioritization and PIRAMID™ Offshore Prioritization, Version 1.4
released February 1998). The project also served to identify areas where improvement is
desirable in terms of the accuracy and/or repeatability of the models. It is intended that the
improvements identified through this validation process will form the basis for subsequent
software-updating projects.

The PIRAMID™ prioritization modules rank pipeline segments based on their calculated level of
operating risk, where the operating risk is given by a probability weighted estimate of the
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consequences of line failure. Both probability (ie.. failure frequency) and consequence
estimation models are therefore addressed in this validation process.

Note that it was originally intended that both gas and liquid pipeline systemns would be
considered in this validation exercise. However, C-FER did not receive the required data for
liquid lines. The final work scope was therefore restricted to an evaluation of the models
applicable to natural gas pipeline systems only. Given this restriction the parts of the
consequence estimation model associated with the estimation of liquid spill volumes and the
financial and environmental impact of persistent liquid spills were not evaluated in this project.

1.3 Approach

The approach developed to meet the project objectives was to have C-FER personnel use the
pipeline systemn prioritization software to analyse representative segments of real pipelines based
on information supplied by participating operating companies (or supplied on behalf of operating
companies by participating government agencies). The results obtained for the line segments
submitted were then processed, summarized and presented to participants for review. A one-day
workshop, involving all current program participants, was then held to provide a forum for a
discussion of the results obtained. The workshop findings form the basis for the conclusions and
recommendations presented herein.

1.4 Organization of Report

The proposed test case matrix and a description of the pipeline segments submitted for analysis
by the participating companies and agencies is given in Section 2.0. The results obtained from
an analysis of the individual pipeline segments using the PIRAMID™ prioritization software 1s
summarized in Section 3.0. A discussion of the results obtained, including a summary of the
workshop findings, is provided in Section 4.0, and the conclusions and recommendations
developed from those findings are given in Section 5.0.

I3
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2. TEST CASES

2.1 Overview

To provide a basis for an assessment of the accuracy and repeatability of the probability and
consequence estimation models employed in the prioritization programs, over a sufficiently wide
range of conditions, a test matrix was devised that consisted of two broad categories of pipelines.
The first category consisted of relatively large diameter lines. and the second consisted of
relatively small diameter lines. Within each diameter category, four cases were defined
corresponding to the four possible combinations of low and high values of the likelihood of
failure and severity of failure consequences. The resulting eight-cell test mairix s as shown in
Figure 2.1.

To populate the test matrix. each participating company was asked to submit for analysis a
number of large and small diameter pipeline sections. For consistency a nominal diameter of
914 mm (36 in) was chosen as the preferred size for large diameter sections and a nominal
diameter of 305 mm (12 in) was selected as the preferred size for small diameter sections.
Participants were also ask to indicate, based on experience and judgement, whether the
likelihood of failure and consequences of failure was perceived to be high or low, for each line
section submitted.

Note that in the context of this validation study (and in the context of the PIRAMID™
methodology in general) a secrion of pipeline is defined as a length of line along which each
attribute (e.g., age, coating type, land use) can be assumed to be essentially uniform.

2.2 Onshore Pipelines

[n total, 19 pipeline sections from four different operating companies were submitted for
analysis. In the large diameter pipeline category, ten line sections were submitted having
diameters ranging from 914 mm (36 in) to 1067 mm (42 ). In the small diameter category, nine
lines were submitted with diameters ranging from 273 mm (10 3/4 in) to 457 mm (18 in). At
least one line section populated each cell in the proposed test matrix (see Figure 2.2a).

A summary of key parameters associated with the line sections submitted for analysis is given in
Table 2.1. Note that each line section is identified by an alphanumeric code. The section name
and the associated operator are not given to protect the confidentiality of the information
submitted by companies participating in the validation study. (A version of Table 2.1 containing
the section and operator names corresponding to the alphanumeric section labels, is being
provided to participants under separate cover and additional copies are available from C-FER at
participant request.)

o
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Test Cases

The set of line attmbutes that must be specified for an analysis using the PIRAMID™ Onshore
Prioritization program is summarized in Table 2.2. (An explanation of the intended meaning of
each pipeline attribute, an indication of the probability and consequences estimation models that
make use of each attribute, and guidance on how each attribute is to be defined, is given in
Appendix A. Note that this information is an extract from the software program User’s Guide
and is reproduced here for the convenience of the reader.) The specific values of the line
attributes for each line section analysed are summarized in Table 2.3.

2.3 Offshore Pipelines

A single 273 mm(10 % in) diameter gas pipeline was submitted (on behalf of the operator by a
participating government agency) for analysis. While the line was reported to contain sections
corresponding to low and high estimates of the likelihood and consequences of failure, these
distinct sections were not explicitly delineated. To exercise the offshore risk estimation models
over a range of conditions and provide a basis for discussion, the line was divided into four
representative sections. Selected line attributes were then modified, and the resulting offshore
line sections were then subjectively classified by C-FER as to both the probability of failure and
the severity of failure consequences. The attribute adjustments were made to ensure that at feast
one section populated each cell in the proposed test matrix for a single diameter category (see
Figure 2.2b). The line as originally submitted, consisting of a length weighted blend of the three
attribute-consistent line sections, was also analysed for comparison purposes.

A summary of key parameters associated with the line sections generated from the pipeline that
was submitted for analysis is given in Table 2.4, As for onshore pipelines note that the section
name and the associated operator are not given in the table to protect the confidentiality of the
information submitted by companies participating in the validation study. (A version of
Table 2.4 containing the section and operator names corresponding to the alphanumeric section
labels, is being provided to participants under separate cover and additional copies are available
from C-FER at participant request.}

The set of line atiributes that must be specified for an analysis using the PIRAMID™ Offshore
Prioritization program is summarized in Table 2.5. (An explanation of the intended meaning of
each offshore pipeline attribute, an indication of the probability and consequences estimation
models that make use of each attribute, and guidance on how cach attribute is to be defined, 15
given in Appendix B. Note that this information is an extract from the software program User’s
Guide and is reproduced here for the convenience of the reader.y The specific values of the line
attributes for each line section analysed are summarized in Table 2.6.
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Perceived Likelihood of Failure Perceived Severity of Failure Consequences

Low High

Smalt Diameter Range
Low

Large Diameter Range

Small Diameter Range
High

Large Diameter Range

Figure 2.1 Test matrix for model validation.
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Consequences
Low High

Probability
High

Failure
Low

a) Onshore pipelines.

Diameter

Consequences
Low High

Probability
High

Low

Failure

b) Offshore pipelines.

Figure 2.2 Correspondence between line sections submitted and proposed test matrix.
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Table 2.6 Line attributes for offshore pipeline sections analysed.
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3. RESULTS OF ANALYSIS

3.1 Risk Measures Considered

For each attribute-consistent section of pipeline, the PIRAMID™ Prioritization programs provide
estimates of the operating risk posed by each significant potential failure mechanism. These risk
estimates can be displaved on a cause-by-cause basis, or for all causes combined. For gas
pipelines, the specific risk measures tabulated include:

o Probability of Failure. An estimate of the expected number of loss-of-containment incidents
{in units of: incidents per km yr, or incidents per mi yr).

+  Expected Cost. A probability weighted estimate of the financial cost assoctated with failure
incidents (in units of: $ per km yr. or § per mi yr).

e Expected Number of Fatalities. A probability weighted estimate of the total number of
fatalities associated with failure incidents (in units of: people per km yr, or people per mi yr).

« Total Risk. A probability weighted estimate of the total effective cost associated with failure
incidents, where the effective cost includes the assumed dollar cost equivalent of lives lost (in
units of: § per km yr, or $ per mi yr).

The results presented in this study are for the most part restricted to include only the estimates of
Total Risk and Probability of Failure. Expected Cost and Expected Number of Fatalities are not
discussed separately since they are reflected, in a combined sense, in the Total Risk estimate.
The Probability of Failure estimates are analysed separately, even though they are reflected in
the Total Risk estimate, because they allow for direct assessment of the probability estimation
models incorporated in the prioritization program.

3.2 On shore Pipelines

The all-causes-combined risk measures estimated to apply to each line section are reported in
Tabie 3.1. In the tabulated summary, line sections have been sorted by Total Risk and ordered
from maximum to minimum. The tabulation, therefore. constitutes a ranking of the line sections
analysed with the section estimated to have the highest level of operating risk (due to all-causes-
combined) appearing at the top of the list.

A graphical representation of the operating risk estimated for each section is shown in Figure 3.1.
The purpose of Figure 3.1, with the vertical chart axis (Z.¢.. the Total Risk axis) plotted using an
arithmetic scale. is to illustrate the extreme range of risk estimates obtained using the program.
A similar chart, with Total Risk plotted using a logarithmic scale is shown in Figure 3.2. (Note
that all subsequent plots of this type incorporate a fogarithmic scale for clarity.)
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The individual line sections plotted in Figure 3.2 are also labelled to indicate associated land use
type (using a ‘text string’) and diameter range (using a letter code: S = small, and L = large).
Note the apparent lack of correlation between line diameter and risk level, and the obvicus
correlation between risk level and land use type with high risk sections almost always being
associated with high density urban land use. (The sole exception to the latter trend being line
section D4, where the relatively high risk ranking is attributed to an extremely high estimate of
the probability of line failure.)

Also plotted in Figure 3.2 are the Probability of Failure estimates for each line section and. for
comparison purposes. the baseline reference failure rate that is assumed to be applicable to
typical transmission-type gas pipelines. Note that on average. the total failure probability
estimate is higher for the small diameter (relatively thin-walled} lines.

Figures 3.3 and 3.4 present subsets of the data shown in Figure 3.2, with Figure 3.3 showing
Total Risk and Failure Probability estimates for small diameter lines only and Figure 3.4
showing similar information for large diameter lines. These charts are further annotated with a
letter code indicating both perceived likelihood of failure and severity of failure consequences
(first letter for probability and second letter for consequences, where: L = low, M = medium. and
H = high). Note that sections for which the perceived probability level is not entirely consistent
with the probability estimate obtained using the prioritization model are labelled accordingly
(identifying Iabel = 7). Note also that these apparent inconsistencies form the basis for some of
the comments and suggestions for model improvements outlined in Section 4.0.

Figures 3.5 and 3.6, corresponding to Figures 3.3 and 3.4 respectively, show the relative
contributions of each of the individual failure mechanisms to the Total Risk estimate. Note the
significant contribution of mechanical damage failures to the Total Risk estimate for small
diameter (relatively thin walled) line sections, particularly those in urban areas. and the
comparatively smail contribution of mechanical damage to the total Risk for large diameter line
sections. Note also the significant contribution to Total Risk from SCC on both small and large
diameter lines which were specified as having a soil environment with a likely or definite
potential for fostering the occurrence of SCC. Finally, note the dominance of ‘other causes’ on
selected large diameter lines where failure due to the remaining failure mechanisms is estimated
to be low (the dominance of ‘other causes’ reflects the fact that the failure probability due to this
cause is assumed to be constant).

Tabulations of the Total Risk estimates and the Probability of Failure estimates. for each
individual failure cause and for all-causes-combined, are given respectively in Tables 3.2 and 3.3
for small diameter line sections and Tables 3.4 and 3.5 for large diameter line sections.

A ranking of line sections by Total Risk, on a cause-by-cause basis, is given in Table 3.6, It 1s
intended that this type of cause-specific risk ranking will serve as the basis for mamntenance
prioritization and it is the default format for the display of output generated by the PIRAMID™
prioritization programs. A graphical representation of the cause-specific risk ranking, excluding
the “other causes” category (since it is assumed that no specific maintenance action is etfective
for this cause). is shown in Figure 3.7, for small diameter line sections, and Figure 3.8 for the

6
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large diameter lines. Note that the risk ranking keys on the domunant failure mechanisms for
each of the high risk segments, most notably mechanical damage for small diameter lines in
urban areas.

3.3 Offshore Pipelines

The all-causes-combined risk measures estimated to apply to each line section are reported in
Table 3.7. The tabulated summary has been sorted by Total Risk and ordered from maximum to
minimum. The tabulation, therefore, constitutes a ranking of the line sections analyses with the
section estimated to have the highest level of operating nisk (due to all-causes-combined)
appearing at the top of the list.

A graphical representation of the operating risk estimated for each section is shown in Figure 3.9.
Note the extreme range of risk estimates obtained using the program. A similar chart, with Total
Risk plotted using a logarithmic scale for clarity, is shown in Figure 3.10.

The individual line sections plotted in Figure 3.10 are Jabelled to indicate relative line age and
proximity to fixed offshore structures or surface vessel traffic. Note that since line section S1 is
actually a composite of three distinct attribute-consistent line sections, its proximity label is
given as ‘mixed’. In addition. the charts are annotated with a letter code indicating both
perceived likelihood of failure and severity of failure consequences (first letter for probability
and second letter for consequences, where: L. = low, M = medium, and H = high). Also plotted
in Figure 3.10 are the Probability of Failure estimates for each line section and, for comparison
purposes, the baseline reference failure rate that is assumed to be applicable to typical offshore
gas pipelines. Note the correlations between Probability of Failure and line age (higher
probability for older lines), and between Total Risk and proximity to platforms (higher risk for
lines near platforms).

Figure 3.11 shows the relative contributions of each of the individual failure mechanisms to the
Total Risk estimate for the lines section plotted in Figure 3.10. Note the dominating contribution
of mechanical damage and natural hazard failures to the Total Risk estimate for line sections in
proximity to platforms (the natural hazard damage category is significant because it includes
storm-induced mechanical damage). Note also the dominance of “other causes” on line sections
removed from platform zones, or with minimal platform zone exposure, where failure due to the
remaining failure mechanisms is estimated to be low (the low product corrosivity and the choice
of a high performance coating type result in a low corrosion failure potential, and the relatively
isolated location results in a low mechanical damage potential}),

Tabulations of the Total Risk estimates and the Probability of Failure estimates, for each
individual failure cause and for all-causes-combined. are given in Tables 3.8 and 3.9,
respectively.

A ranking of line sections by Total Risk, on a cause-by-cause basis, is given s Table 3.10. Asg
noted for onshore pipelines. it is intended that this type of cause-specific risk ranking will serve

b
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as the basis for maintenance prioritization and it is the default format for the display of output
generated by the prioritization program.

A graphical representation of the cause-specific risk ranking, excluding the “other causes”
category (since it is assumed that no specific maintenance action is effective for this cause}, is
shown in Figure 3.12. Note that the risk ranking keys on the dominant failure mechanisms for
each of the high risk segments, most notably mechanical damage and natural hazard induced
damage for lines in proximity to platforms.

8
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Figures and Tables
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4. DISCUSSION OF RESULTS

A summary of the line sections analyzed and the results obtained using the PIRAMID™
Prioritization software was submitted to representatives of all operating companies and
government agencies participating in the program validation exercise. A one-day workshop was
then held in September of 1998 to review the results obtained and solicit comments on model
performance, including suggestions for future improvements. {The material presented by C-FER
at the workshop to stimulate a discussion of the validity of the models used in the onshore and
offshore prioritization programs is contained in Appendices C and D, respectively.)

General observations on the performance of the prioritization models applicable to both onshore
and offshore pipeline systems are summarized in Section 4.1.  Specific suggestions for
improvements to the accuracy and repeatability of estimates generated using the failure
probability and consequences estimation models are listed in Section 4.2, for the onshore
pipeline prioritization program.

Note that no specific suggestions were made at the workshop for improvements to the offshore
pipeline prioritization program. This stems from the fact that no offshore pipeline operating
companies are directly involved in the PIRAMID™ development initiative. (At this time
offshore pipeline interests are represented solely by Canadian and American government
agencies; specifically Natural Resources Canada through the Geological Survey of Canada, and
the US Department of the Interior through the Minerals Management Service.)

4.1 General

It was found that the overall risk rankings obtained using the prioritization models, for both
onshore and offshore pipelines, are broadly consistent with expectations. Sections subjectively
assessed to have relatively low and high probabilities of failure were correctly delineated and low
and high consequences areas were clearly reflected in the total risk estimates. The ranking of
individual pipelines by the estimated risks levels associated with individual failure causes was
found to correctly target the failure mechanisms expected to contribute most to the failure
potential for the lines in question.

With regard to the accuracy of models implemented in the onshore pipeline prioritization
program, specific questions were raised with regard to some of the probability estimation
models. Concerns were expressed about the external corrosion model and the effect of coating
type, coating condition factors, and operating temperature on the estimated corrosion failure
frequency. Tape coated lines in either good or bad condition were thought to be unduly
penalized (i.e., the failure probability estimate was perceived to be too high, refative to that for
other coating systems) and the relative line operating temperature was observed to have a
dominating effect on the failure frequency estimate that is not directly supported by operator
experience. Concern was also expressed about the general form of the frequency estimation
model for SCC because the assumed linkage between a susceptibility to SCC failure and the
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occurrence of external corrosion {implicit in the current model), is not typically representative of
actual operating experience. Finally, it was observed that the estimated potential for failure by
mechanical damage in urban areas appears to be somewhat overestimated, perhaps due to a lack
of acknowledgement in the frequency estimation model of the perceived benefits of efforts
directed at enhancing public awareness,

With regard to the consequence estimation models, some concern was expressed about the lack
of flexibility imposed by the format emploved in PIRAMID™ for the characterization of land use
(as it relates to population and property densities). and the assumptions inherent in the model
employed to estimate the financial costs of service interruption. In a more general context it was
noted that the consequence estimation models currently implemented appear to provide a more
accurate representation of the true range of failure consequences (ie., several orders of
magnitude) than available alternative models, most of which are based on subjective
characterizations of fatlure impact. Since ranking models that underestimate the range of failure
consequences will tend to produce a ranking that is skewed towards high probability sections, the
implication is that the PIRAMID™ approach will provide a more balanced characterization of
operating risk.

Finally, with regard to repeatability issues, a number of model input parameters (ie., line
attributes) were identified as having the potential for differing interpretations of what is to be
specified. This problem was attributed to one of two factors: a lack of clarity in the stated
definition of the parameter (and a lack of appreciation of how and where the parameter is used),
or in the case of attributes that are to be defined from a predefined list of choices, a lack of
sufficient category choices to adequately reflect the range of possible values.

4.2 Onshore Pipeline System Prioritization Models

4.2.1 Accuracy issues

4.2.1.1 Comments on Probability Estimation Models

External Corrosion

+ Define separate line atiributes for electrical interference and casing short (as opposed to the
current combined interference attribute) to acknowledge the potential for different effects on
cathodic protection system effectiveness.

» Expand the coating tvpe category list and provide more explicit category definitions. or
consider making coating type user-definable.

+ Revise the coating rype and coating condition factors to accommodate lines where the type
and condition of the coating in the vicinity of field joints is distinctly different from that of

10
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the pipe body (consider a blended coating type and/or condition that avoids the need to detine
a distinct Jine section at each field joint location).

« Revisit the coating rype and coating condition factors, and their combined effect on corrosion
susceptibility {e.g., tape coat in good condition appears to be excessively penalized}.

« Revisit the combined effect of coating condition and coating shielding factors on the
corrosion susceptibility of tape coated lines since tape coat in poor condition generaily
implies the presence of coating shielding {e.g., make shielding a coating condition factor for
tape coated lines).

» Revisit the algorithm involving operating remperature in light of observed sensitivity of
failure rate estimate to this attribute.

« Acknowledged the implicit effect of operating temperate on coating condition for some
coating types.

« Consider replacing the soil corrosivity factor with a set of line attributes that collectively
characterize environment corrosivity, or de-couple soil corrosivity from soil resistivity and/or
topography and soil texture, and make it a user-definable attribute.

« Consider introducing an attribute {or set of attributes) to reflect the beneficial effect of
previous in-line inspections and/or hydrostatic tests.

» Consider the merits of adopting a fault tree approach rather than following an index
multiplier approach.

Internal Corrosion

« Consider replacing the product corrosivity factor with a set of line attributes that collectively
characterize product corrosivity, or consider making product corrosivity a user-definable
attribute.

« Consider introducing an attribute(or set of attributes) to reflect the beneficial effect of
previous in-line inspections and/or hydrostatic tests.

Mechanical Damage

« Define separate line attributes for crossings and special terrain (as opposed to the current
combined attribute) and add utility crossings 1o the crossing rype attribute list.

+ Revise the frequency estimation model to include attributes that reflect the perceived benefit,
in terms of reduced hit frequency, associated with public awareness programs.

« Revisit the burial depth categories to ensure that typical pipeline burial depths do not fall on
the transition between the chosen depth range categories.

Ground Movement
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« Expand the pipe joint type category list and provide more explicit category definitions tied to
welding process, inspection quality, vintage, efc.. or consider making pipe joint type user-
definable.
+ Consider replacing the current ground movement potential and pipe failure given movement
attributes, which are difficult to define without prior geotechnical and/or pipe soil interaction

analysis, with an aftribute set that reflects: ground movement type {lateral vs. axial),
movement extent. movement rate and soil type.

Stress Corrosion Cracking

» De-couple the stress corrosion cracking failure rate estimate {rom the external corrosion
model and develop an entirely separate model for SCC susceptibility.

» Distuinguish between “classical” and “non-classical” forms of SCC.

« Consider introducing an attribute (or set of aftributes) to reflect the beneficial effect of
previous in-line inspections and/or hydrostatic tests.

« Consider the merits of adopting a fault tree approach rather than following an index
multiplier approach.

Seamn Weld Fatigue

« Expand the seam weld type category list and provide more explicit category definitions tied
to weld process, inspection quality, vintage, efc., or consider making seam weld tvpe user-
definable.

s Consider intreducing an attribute {(or set of atiributes) to reflect the beneficial effect of
previous in-line inspections and/or hydrostatic tests.

4.2.1.2 Comments on Consequence Estimation Models

Release Volume

« Revise the cuirent block valve specification approach to facilitate specification by valve
location rather than by vaive spacing.

« Revisit the current approach to representing the effectiveness of leak detection systems

because the attributes detecrable release volume and time to leak detection are difficult to
specify and do not fully reflect the action of leak detection systemns.

Hazard Type

» Revise the immediate ignition probability estimation model for natural gas pipelines to make
ignition probability also depend on line diamerer and operating pressure.

« Revisit the event tree and assess the applicability of the current structure for release hazards
associated with buoyant vapours (i.e., natural gas).
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Revisit the event tree and assess whether the combined effect of delayed hazard occurrence.
following immediate hazard occurrence, 1s adequately addressed.

Number of Fatalities and Property Damage Cost

L3

Expand the land use tvpe categories, or make them user-definable. and consider de-coupling
population density and property values from land use tvpe.

Service Interruption Cost

Revise the current interruption cost model (for transmission lines), which 1s based on
nominated and deltvered monthly volumes and billing abatement thresholds. to acknowledge
seasonal variations and the potential for aiternate delivery paths.

Introduce an alternate approach to service interruption cost estimation (for distribution lines
in particular) that assigns a user-defined fixed cost and a time dependent variable cost to
service interniption events occurring in both summer and winter seasons.

4.2.2 Comments on Repeatability Issues

Clarify the definition of operating pressure (i.e., actual operating pressure profile vs.
MAOP).

Clarify the definitions of operating pressure range and cumulative number of pressure cyvcles
as they relate to seam weld fatigue failure estimation.

Clarify the definitions of line volume, billing abatement threshold, and transportation
distance as they relate to service interruption cost estimation.

Clarify the distinction between near field terrain and far field terrain types as they relate to
spill clean-up and environmental damage estimation.

Consider changing the format of the product flow rate atiribute from mass flow units to
volume flow units, since flow rate is not typically given in mass flow units.
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5. CONCLUSIONS AND RECOMMENDATIONS

The program validation exercise carried out in this project provided a mechanism for the
evaluation of the adequacy of both the probability and consequence estimation models
implemented in the PIRAMID™ software that has been developed for pipeline system
prioritization. The specific programs addressed in this exercise include PIRAMID™ Onshore
Prioritization - Version 1.4 and PIRAMID™ Oftshore Prioritization - Version 1.4 (both released
in February of 1998).

The general findings of this model validation process are as follows:

« The overall risk rankings obtained using the prioritization models, for both onshore and
offshore pipelines, are broadly consistent with expectations.

» Sections subjectively assessed to have relatively low and high probabilities of failure were
correctly delineated and both fow and high consequence areas were clearly reflected in the
total risk estimates.

+ The ranking of individual pipelines by the estimated risks levels associated with individual
failure causes was found to correctly target the failure mechanisms expected to contribute
most to the failure potential for the lines in question.

In addition, it was found that the consequence estimation models currently implemented appear
to provide a more accurate representation of the true range of failure consequences (i.e., several
orders of magnitude) than available alternative models, most of which are based on subjective
characterizations of failure impact. Since ranking models that underestimate the range of failure
consequences will tend to produce a ranking that is skewed towards high probability sections. the
implication is that the PIRAMID™ prioritization models provide a more balanced
characterization of operating risk.

With specific regard to the prioritization models developed for onshore pipeline systems, some
areas of concern were identtfied. particularly with regard to the perceived accuracy of models
developed for estimating the probabilities of failure due to external metal loss corrosion, siress
corrosion cracking and mechanical damage. In terms of repeatability issues. some model input
parameters (ie.. line attributes) were identified as having the potential for differing
interpretations of what is to be specified.

Specific comments on, and suggestions for improvements to. the probability and consequence
estimation models applicable to onshore pipelines, as provided by companies and agencies
participating in the PIRAMID™ development initiative, are summarized in Section 4.2 of this
report.  The histed comments pertaining (o the accuracy and repeatability of the probability
estimation models are currently being addressed in a follow-on project in the PIRAMID™
development program (Project § in the approved works scope for the 1998 budget year), which
involves revisions to the prioritization models. The issues raised pertaining to the consequence
estimation models are being addressed in another follow-on project (Project S in the approved
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works scope for the 1999 budget year), the scope of which encompasses general PIRAMID®™
model and software improvements.

Note that no specific comments were received on the probability and consequence estimation
models associated with the offshore pipeline system prioritization software. This stems from the
fact that no offshore pipeline operators were available to participate in the validation process
(i.e., test cases for offshore pipelines were submitted by operating companies that do not belong
to the PIRAMID™ development program through the US Minerals Management Service). It is,
therefore, recommended that accuracy and repeatability issues, as they relate to the models
developed for offshore pipelines, be revisited in the near future when more direct involvement of
offshore pipeline operating companies can be obtained.




APPENDIX A

Description of Line Atfributes for Onshore Pipelines
(extract from PIRAMID™ Prioritization User’s Guide — Appendix B)
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The attributes that must be specified to fully define each pipeline are defined as follows (see also
Tables A.1 and A.2):

¢ Product Set The list of products transported through the line segment and the relative
amount of time that each product type is assumed to be in the line. Note that the
specification of multiple product types is assumed to imply batched product shipping.

» Pipeline Diameter The outside diameter of the line pipe.

s Pipe Wall Thickness The wall thickness of the line pipe.

* Pipe Body Yield Strength The specified yield strength of the line pipe steel.

e Pipe Body Seam Weld Type A relative indication of line pipe seam weld quality (i.e..

seamless, high quality, suspect quality, or poor quality). The characterization is intended to
reflect the relative number and size of planar defects introduced during the seam welding
process.

* Pipe Joint Type The type of pipe joint (weld vs. mechanical joint) and a relative indication
of joint quality for welded butt joints (i.e., high quality, average quality, or poor guality).
The characterization is intended to reflect the strength and ductility of the joint.

* Line Age The age of the line segment since initial construction.

* Elevation Profile The relative elevation profile of the line defined at the start and end points
of the line and selected reference points along the length of the line. Note that the location of
intermediate points should be chosen to adequately characterize the elevation profile given
that the program uses linear interpolation to infer the elevation at all locations between
specified reference points.

* Pressure Profile  The anticipated maximum operating pressure in the line defined at the start
and end points of the line and selected reference points along the length of the line, Note that
the location of intermediate points should be chosen to adequately characterize the pressure
profile given that the program uses linear interpolation to infer the line pressure at all
locations between specified reference points, Note also that the specified pressure should
reflect an upper bound pressure profile associated with likely worst case operating conditions
including, for example, periodic line pack or shut in.

* Operating Pressure Range The pressure range associated with cyclic fluctuations in
line pressure during routine operation. Note that complex pressure vs. time loading histories
must be characterized by a representative single value pressure range and a cumulative
number of pressure cycles (see also Cumulative Number of Pressure Cycles).

* Cumulative Number of Pressure Cycles The effective  number of pressure  cycles
experienced by the line since initial construction. Note that complex pressure vs. time
loading histories must be characterized by a representative single value pressure range and a
cumulative number of pressure cycles (see also Operating Pressure Range).

¢ Operating Temperature The average temperature of the product being transported through
the line. Note that pipe body temperature is assumed to be equal to the product temperature.

* Product Flow Rate The product mass flow rate through the line segment under normal
operating conditions. Note that a negative value implies a flow direction opposite to the
direction of increasing KP distances.

* Line Volume The average nominated or tendered monthly flow volume, expressed as a
percentage of pipeline through-put capacity.
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» Billing Abatement Threshold The volume of product that must be delivered to aveid a
service interruption cost penalty. expressed as a percentage of the nominated or tendered
monthly volume.

* Product Transport Distance The total distance over which products traveling through
the line segment are transported.

* Block Valve Spacing The spacing between isolation valves along the length of the line
segment.

¢ Time to Block Valve Closure The time required to close the block valves measured from

the time when the leak is first detected.

® Detectable Release Volume The maximum volume of product that can be lost from the
line before leak detection equiprment triggers a leak detection alarm. Note that it is assumed
that steps will be taken to close all block valves immediately following the detection of a
large leak or a rupture.

* Time to Leak Detection  The time required to detect a small leak given that small leaks may
only be detected by periodic line patrols or notification by third parties.

» Time to Leak Stoppage  The time required by the operator to locate and repair a small leak
measured from the time when the leak is first detected.

* Depthof Cover  The depth of pipeline burial below ground surface.

» Adjacent Land Use The type of land usage immediately adjacent to the pipeline right-
of-way (ie., mndustrial, commercial, residential-urban, residential-rural, agricultural,
parkland-forested, parkland-other, remote-forested, or remote-other).

*  ROW Accessibility A relative characterization of the accessibility of the pipeline to
line repair equipment in terms of distance from maintenance personnel and equipment and
potential difficulty of access to right-of-way (i.e., near [easy access] or far [difficult access]).

*  ROW Condition A relative characterization of the effectiveness of the maintained
condition of the right-of-way and explicit signage in making contractors aware of the
presence of the pipeline (i.e.. excellent. above average, average, below average, and poor).

* ROW Patrol Frequency The time interval between periodic right-of-way patrols (i.e., three
or more times per week, twice per week, weekly, bi-weekly, or monthly or less).

» Notification / Response System  An indication of the existence of a one-call notification
system and, where a system exists, a relative characterization of the associated level of public
awareness (L.e., high awareness, average awareness. low awareness).

¢ Crossing Type / Special Terrain A characterization of the type of crossing (i.e.. road/rail,
river/siream, or aerial) or special terrain feature (i.e., bog/muskeg, marsh/swamp, or lake)
encountered by the pipeline as it affects construction activity levels, line repair costs and
service lnterruption Hmes.

e Near Field Terrain A characterization of the right-of-way soil type in terms of waer
permeability, for dry ground conditions, or surface water conditions, for submerged ground
conditions as it affects liquid spill movement and clean-up potential (i.e., ground - low
permeability [clay/shale], ground - moderate permeability [silt/till}, ground - high
permeability  [sand/gravel], waterlogged ground mass [bog/muskeg], water covered
vegetation [marsh/swamp], static water [pond/lake], slow moving water, or fast moving
water).

* General Soil Corrosivity A characterization of the relative degree to which the
electrochemistry of the soil surrounding the pipe is conducive to promoting metal loss
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corrosion. The soil corrosivity categories are associated with specific soil resistivity ranges
and in the absence of soil resistivity data can be assumed to correspond to distinet soil
drainage and texture categories (see below),

Soil Resistivity Seil Drainage - Texture
Corrosivity {ohm/cm)
low > 10,000 excessively drained - coarse texture
below 5000 - 10,000 well drained - moderately coarse texture, or
average poorly drained - coarse texture
average 2000 - 3000 well drained - moderately fine texture, or

poorly draimned - moderately coarse texture, or
very poorly drained with high steady water table

above 1000 - 2000 well drained - fine texture, or
average poorly dramed - moderately fine texture, or
very poorly dramed with fluctuating water table

high < 1000 poorly drained - fine texture, or
mucks, peats with fluctuating water table

SCC Potential of Seil Environment A subjective characterization of the degree to which
the soil conditions surrounding the pipe are considered conducive to promoting stress
corrosion cracking (Z.e., no potential, unlikely potential, likely potential, definite potential).

External Pipe Coating Type The type of external coating applied to the pipeline (i.e.,
polyethylene/epoxy, coal tar, asphalt, tape coat, none [bare pipe]).

External Pipe Coating Condition A relative characterization of the integrity of the external
coating compared fo a typical instance of the selected coating type (i.e.. above average,
average, below average).

Cathodic Protection Level An estimate of the adequacy and uniformity of the voltage
potential generated by the cathodic protection system. The cathodic protection level
categories are associated with specific characterizations of voltage adequacy and uniformity
{see below}.

Cathodic Protection Levei Characterization
above average adequate voltage, uniform level
average adequate average voltage. some variability
below average inadequate voltage and/or high variability

no cathodic protection

Ad
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¢ Presence of Coating Shielding An indication of whether or not the form of coating damage
and the coating type are associated with a lack of effective cathodic protection at exposed
locations on the pipe wall {i.e., yes or no).

e Electrical Interference of Casting Short An indication of whether or not stray electrical
currents or electrical shorting 1s contributing to a lack of effective cathodic protection at
exposed locations on the pipe wall (i.e.. yes or no).

*  Product Corrosivity A characterization of the relative corrosivity of the product set
transported through the pipeline. The product corrosivity categories are associated with
specific corrosion growth rate ranges (see below).

Product Corrosivity Growth Rate (mm/yr}
negligible <0.02
low 0.0210 0.1
moderate 0.1t00.5
high 05125
extremme >2.5
¢  Ground Movement Potential An estimate of the frequency of occurrence of significant

ground movement events on the right-of-way. The ground movement potential categories are
associated with specific order-of-magnitude frequency values (see below).

Movement Potential Frequency {events per km vear)
Negligibie < 1 1n 100,000
Low 1 in 10,000
Moderate 1 in 1000
High lin 100
Extreme >1inl10

Pipe Damage Potential  An estimate of the likelihood of pipeline failure in the event of a
significant ground movement event. The damage potential categories are associated with
specific order-of-magnitude probability values (see below).

Damage Potential Failure Probability (per movement cvent)
Low <1in i00
Moderate Lin 10
High linl
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e Surface Water within 300 m The distance to the nearest perennial surface water feature.

s Drinking Water within 5 km* The distance to surface or groundwater used for drinking
and the availability of an alternate supply (i.e.. not available, difficult to obtain, or readily
avatlable).

e Other Water within 5 km*The distance to surface or groundwater used for purposes other
than drinking water and the type of other use (i.e.. recreational purposes, commercial food
preparation, Hivestock watering, irrigation or other food chain uses).

e Land Use within 5km* The type of and distance to the adjacent land usage (ie.,
residential, agricultural, parkiand. or commercial/industrial) with the highest potential for
human exposure to contaminated soil.

* Sensitive Environment within 10 km The distance to sensitive environments defined to
include sensitive aquatic environments, nature preserves, habitats for endangered species,
sensitive forest reserves, national parks or forests, etc.

» Sensitive Groundwater within 10 km The distance to important or susceptible
groundwater resources.

* Note, the predefined set of choices presented to the user for the specification of these attributes
are listed in order of their potential for environmental damage. To correctly characterize the
environmental impact associated with this attribute, the user should select the first choice in the
list that applies to the line section in question.
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No. FAttribute Description Attribute  input Failure Mechanism Affected’
Name | Type® | Ewernai | Intemal | Mechanical | Ground | Cracking Cracking Cther
Corrosion §| Corrgsion Damage Movernent {SCTH presit fatiguel Causes
& fProduct type Procuct
1 |Fipe Dametor Pipelia St X
2 |Ppe Wal Thickness FipaeWal S5t X X X X
3 |Pipe Bady Yield Strangth PipeYieid St X X
& Pipa Body Seam Weld Type SeamType 52 X
ipe Jont Type JobdType 52 X
& jLine Age LicefAgs St X X X
7 jLing Elgvation Profile SlevProfle ot
8  |Operating Pressure Profile PregsProile ot X X
4 |[Operating Pressure Hange Pressitange: 8t X X
G [Cumuative Number of Pressuie Cyclgs PressCycls =L O IV B DU S X
1 [Operating Tomperahse LingTemp I * X
12 |Product Flow Rate (sign denotes tiow direchiong FiowRate 51
13 Jline Volume (% of iine capacity} CapFraction 1
t4 {Siling Abatement Thresholt (3% of nominated volume) BAT St
15 Product Transportation Distanca Transilist i1
16 Block Valve Spacing VatweSpace | 5t )
17 1Tima to Bicck Vatve Clasure TimaGiose a1
18 [Cetactable Aelease Volume Voilletect 5t
18 [Time to Leak Datection TimaDetact 51
20 [Time to Leak Stoppage {from time of detection) TimeStop S!M
2% [Depth of cover Cover 51
22 {Adjacent Land tise Aditand sz
23 {ROW Accessibility ROWaccess e
24 |ROW Condition ROWoond g2 X
25 [ROW Patrot Frequencgu ROWpatrat &2 X
26 [Nofication & Response Systarn Naotify 52 X
27 [Crossing Type 7/ Special Tarrain Feaiures Crossing 32 X
28 |Mear Field Terain Charsclenttios. NFTemain 82
28 |Generat Soif Cofrosivity o SoiCorode 52 X X
30 {8CC Potertial of Soit Environmesy SCCPolentialf 57 X
31 {Exernai Pips Coating Type N ExiCosting 52 x X
32 jExtema Pipe Coating Condition CoatCond sz X X
33 iCathodic Protection Levet CFLavet B X X
34 [Presence of Goating Shielding CogtShiald 82 X X
3% pPresence of Electricatl inerlerence or Casing Shont Interierence &2 X X
36 [Proguct Comrosivity PragCarode; 82 LI B N N
37 |Ground Movement Potertial GradMovitot 52 X
38 |Pips Fail Potantiai given Grourst Movemaent SpdFaiPot B X
38 |Surface water within 300m SehNaer 82
4G |Srinking Water within & kem DrcWater Sz
41 [Other Water withen 5 lan O ater S2
42 fbang Use wihin 5 kem BirExpozure | 52
43 [Sensitive Environmant within 10 km Sensinving 52
44 3 Sensitive Groundwater witlin 1 km SznslindWery 52
Mote 1 - gee PIHAMID Technical Refersace Manual 4.3 for fafure grobability estitnation oigonihms assooiated wilh exch failure mecharism
Note 2 - Attrbuts Oala o Type:
$7 @i consecuthve sections delineated by KP stant & KP ond, defned by numesic vaim
SF alt consgoutive sechons deinesied by KP start & K& andg, defined Dy lexd siring from predafined envice Hist
£t continusly varying gdantity defined by rarend valies st KP reterence jocations i

Table A.l1 Line Attributes Affecting Probability of Failure
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APPENDIX B

Description of Line Attributes for Offshore Pipelines
(extract from PIRAMID™ Prioritization User's Guide — Appendix C)
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The global system attributes that must be specified prior to describing individual pipelines within
the system are defined as follows (see also Tables B.1 and B.2):

e Spill Trajectory Launch Zones A set of labels (i.e., text strings) identifying distinct aerial
extents of sea surface over which both the total probability of spill impact and the time to
spill impact with susceptible coastal resources is constant.

¢ Susceptible Coastal Resources  The set of coastal resources that could be impacted by a
persistent liquid product spill, defined by name (ie., a user defined text string) and by
association with predefined shoreline types.

¢ Resource Impact Probability The total probability of spill impact with each susceptible
coastal resource for each spill trajectory launch zone.

» Resource Impact Time  The probability distribution of the time to spill impact with each
susceptible coastal resource for each spill trajectory launch zone.

The attributes that must be specified to fully define each pipeline are defined as follows (see also
Tables B.1 and B.2):

e Product Set The list of products transported through the line segment and the relative
amount of time that each product type is assumed to be in the line. Note that the
specification of multiple product types is assumed to imply batched product shipping.

s Pipe Diameter The outside diameter of the line pipe.
s Pipe Wall Thickness The wall thickness of the line pipe.
e Pipeline Orientation The direction angle of a horizontal projection of the pipeline axis

(defined as an azimuth angle from North). Note the direction of the pipeline axis is assumed
to be in the direction of increasing KP distance (see Figure B.1).

¢ Pipe Body Yield Strength The specified yield strength of the line pipe steel.

s Pipe Joint Type  The type of pipe joint (weld vs. mechanical joint) and a relative indication
of joint quality for welded butt joints (i.e., high quality, average quality, or poor quality).
The characterization is intended to reflect the strength and ductility of the joint.

e Line Age The age of the line segment since initial construction.

s Elevation Profile The relative elevation {-ve values implying depth below sea level} of the
line defined at the start and end points of the line and selected reference points along the
length of the line. Note that the location of intermediate poinis should be chosen to
adequately characterize the elevation profile given that the program uses lincar interpolation
to infer the elevation at all locations between specified reference points.

e Pressure Profile The anticipated maximum operating pressure in the line defined at the start
and end points of the line and selected reference points along the length of the line. Note that
the location of intermediate points should be chosen to adequately characterize the pressure
profile given that the program uses linear interpolation to infer the line pressure at all
locations between specified reference points. Note also that the specified pressure should
reflect an upper bound pressure profile associated with likely worst case operating conditions
including, for example. periodic line pack or shut in.

s  Operating Temperature The average temperature of the product being transported through
the line. Note that pipe body temperature is assumed to be equal to the product temperature.

B.2
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Product Flow Rate The product mass flow rate through the line segment under normal
operating conditions. Note that a negative value implies a flow direction opposite to the
direction of increasing KP distance (see Figure B.1).

Line Volume The average nominated or tendered monthly flow volume, expressed as a
percentage of pipeline through-put capacity.

Billing Abatement Threshold The volume of product that must be delivered to avoid a
service interruption cost penalty, expressed as a percentage of the nominated or tendered
monthly volume.

Product Transport Distance The total distance over which products traveling through
the line segment are transported.

Block Valve Spacing The spacing between isolation valves along the length of the line
segment.

Time to Block Valve Closure The time required to close the block valves measured from
the time when the leak is first detected.

Detectable Release Volume The maximum volume of product that can be lost from the
line before leak detection equipment triggers a leak detection alarm. Note that it is assumed
that steps will be taken to close all block valves immediately following the detection of a
farge leak or a rupture.

Time to Leak Detection  The time required to detect a small leak given that small leaks may
only be detected by periodic line patrols or notification by third parties.

Time to Leak Stoppage  The time required by the operator to locate and repair a small leak
measured from the tme when the leak is first detected.

Spanning Stress Range The longitudinal stress range associated with wave or
current induced excitation of free spanning portions of the line. Note that complex stress vs,
time loading histories must be characterized by a representative single value stress range and
a cumulative number of stress cycles (see also Camulative Number of Stress Cycles).

Cumulative Number of Stress Cycles The effective number of longitudinal stress cycles
experienced by the line since initial construction. Note that complex stress vs. time loading
histories must be characterized by a representative singie value stress range and a cumulative
number of stress cycles (see also Spanning Stress Range).

Number of Free Spans  The number of pipeline free spans per unit line length.
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s Seabed Environment Corrosivity A characterization of the relative degree to which the
electrochemistry of the environment surrounding the pipe is conducive to promoting metal
loss corrosion. The environment corrosivity categories are associated with distinct seabed
soil types and pipe exposure conditions (see below).

Environrment Corrosivity Seabed Charactenization
very low Sand or Rock (low/medium organics)
low Sand or Rock (high organics)e
moderate Mud {low organics)
high Mud (medinm organics)
very high Mud (high organics) / Exposed Pipe
s SCC Potential of Soil Environment A subjective characterization of the degree to which

the environmental conditions surrounding the pipe are considered conducive to promoting
stress corrosion cracking (ie.. no potential, unlikely potential. likely potential, definite
potential).

s External Pipe Coating Type The type of external coating applied to the pipeline (ie.,
polyethylene/epoxy, coal tar, asphalt, tape coat, none [bare pipe]).

e External Pipe Coating Condition A relative characterization of the integrity of the external
coating compared to a typical instance of the selected coating type (ie., above average,
average, below average).

e Cathodic Protection Level An estimate of the adequacy and uniformity of the voltage
potential generated by the cathodic protection system. The cathodic protection level
categories are associated with specific characterizations of voltage adequacy and umiformity
{see below).

Cathodic Protection Level Characterization
above average adequate voltage, uniform level
average adequate average voltage, some variability
below average inadequate voltage and/or high variability

no cathodic protection
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s  Product Corrosivity A characterization of the relative corrosivity of the product set

transported through the pipeline. The product corrosivity categories are associated with
specific corrosion growth rate ranges {see below).

Product Corrosivity Growth Rate (mm/vr)
negligible <0.02
low 0.02 10 0.1
moderate 0.1t00.5
high 051025
extreme >2.5
e Depth of Cover The amount and uniformity of sediment cover on top of the

pipeline (i.e., none, intermittent or partial cover, or continuous significant cover).

s Ground Movement Potential An estimate of the frequency of occurrence of significant
ground movement events on the right-of-way. The ground movement potential categories are
associated with specific order-of-magnitude frequency values (see below).

Movement Potential Frequency (events per km vear)
Negligible < I in 100,000
Low 1 in 10,060
Moderate 1 in 1000
High lin 100
Extreme >1in 10

e Pipe Damage Potential  An estimate of the likelthood of pipeline failure in the event of a
significant ground movement event. The damage potential categories are associated with
specific order-of-magnitude probability values (see below).

Damage Potential Failure Probability (per movement event)
Low < tin 100
Moderate lin 1O
High linl

* Adjacent Platform Type/Offset The type (ie. major manned. minor manned, major
unmanned, or minor unmanned) and location (i.e., reference kilometer post) of permanent
offshore facilities adjacent to the pipeline. and the perpendicular offset distance (i.e., the "y’
coordinate distance. see Figure B.1 for sign convention) from a point on the sea surface
directly above the line to the centre of each designated facility.
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s Vessel Traffic Density The category of vessel traffic density {(i.e., high density, medium
density, low density, or no significant traffic) on the sea surface above the pipeline. The
traffic density categories are associated with specific types and levels of sea surface use (see
below).

Vessel Traffic density Growth Rate (mm/vr)
No Significant Traffic No prescribed use
Low traffic Density Very light traffic or designated fishing area
Moderate Traffic Density Low to moderate volume shipping comdor
High Traffic Density High Volume shipping corridor

e Subsea Activity An indication of whether surface vessel traffic is associated with
significant subsea activity (f.e., no designated activity, or designated fishing or anchoring
ZOne).

¢ Spill Trajectory Launch Zone An identifier (i.e., a text string label) delineating the extent
of pipeline along which it is assumed that both the probability of shoreline impact and the
time to impact of potential product spills are essentially constant.

The sign convention employed for attribute specification is shown in Figure B.1.

KP
Pl End
& 6
North & s
@
local co-ord. system
Y
local co-ord. system
KP
R Start ¥ -ve +Ve
Flow Direction - » »

Flow Direction .
Opposite to K.P. Section A-A

Same as K.P// Distance from Pipeline

Figure B.1 Pipeline attribute sign convention
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No. {Anribuie Deseription Attribute nput Fatlure Mechanism Aflected’
Name Typs® External Intarmai Mechanical | Nat Hazard Ground Trackiog Cracking Other
Carrasion ¢ Corrosion Damage Damage Movement {SCLY {wreid fatkgue} Causes
& jProduct Tyne Proguct
1 {Pipe Diameter Pipeliia 1 x X X X X
: 2 |Pipe Waif Thickness PipeWal 31 X
3 |Pipe Body Yiedd Strengin FipeYiekd g1 X
4 |Pipe Jowt Type SntType =< % x
5 |liise Age LinedAge 21 X X X
: Pipe Oriemation Crent a1
7 [Elvatonieoth Profile {-ve implies depth) EievFrofile (o3
3 [Presswe Profite o1 X
g fLengiuding Stress Hange StressHange 21 13
iy poumuiative Number of Slress Oyelss StrassUysie 2y X
| b pNumber of Froe Spans Mspan &1 X
12 |Operating Temperaipe LineTeing 81 X X
13 HProduct Flow Rate (sigh dencles tlow divection) FlowRate
14 RLine Voiume (% of ine capaciv CapFraction &1
) 15 [Bifing Abalement Threshoid (% of nomimated volume) BAT 1
8 [Product Transporation Distance Teansf3ist 51
17 [Block Vatve Spacing ValveSpace €3
7‘&3 Time 1o Blook Valve Closurs TeneChise 3]
35 iDetactabie Fedease Yolume Yoillelect )
o iThoe to Lesk Delection TimeDetact St
2% {Time to Leak Steppage {from fime of detection} TineStop 31
22 ilDapth of Cover Cover (534 X X
23 Vessel Tralfic Density YesselDans &2 X X
24 (Subses Activity SubSeaict 52 X X
’ 25 ESeabed Enviranment Coreasivity Enveormge 52 X X
28 iSCC Polential of Seabed Envitonment SCCPotential s2 X
7 iExternat Pipe Coating Tvos ExtCoating &2 X X
28 iExtemat Fips Coatihg Condition CoaCerd S% X ¥
2% iCathodic Protection Lavel CPLevef o X
A0 iProduct Corrosiity 2rodComode 2 X
3t 1Ground Movement Potential GrciMeviPot 52 X
32 iPips Eall Fotentiaf given Ground Movemant GrdFaiPot 52 X
33a iAdjacent Pistform - lype PlaAType 71
330 jAdiacent Plaiform - offsat PlatCrtast #1
G4 Spill Tragctary Launch Zone tauncniong a3
3% jGSusceptie Coastal Pesoutces / Shivrelne Types Arource &4
38 ioaztal Hesourcs bnpact Probability irnpact Time =5
37 iCoastal Resource mpact Time frrpratiProb 25
3E iWater Depth Range foaic. from Elevation Profie) (repthFange 82 X X

Kote 1 - s PIRAMI Technical Reterence Manuai 7.x for faliure probagdly estimation algorithms assocmated with each fallure machanism
Nate & - Attritnte Data input Type
&1 all consecuive sections delingated by KF sz & KP gt delined by numeric vahae

52 all consecutive sections delingated Dy XP star & €P ena. detined by lext s¥ing from predefiad chocs fist
43 aif sonsedutive sections delineated by €F star & ¥P erul. defined by user defined text string

54 s possile ocations defined By 8 16 Sirrey fated brud referencad i & predstined st of shoretibe tybes
Z£ all possibie ooateds defined by relmiane valus

£1 sedpoted iccations delined by &) & Xt sitng from & pregelined sheice gl aid b 4 numenc vadbe
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Table B.1 Line Attributes Affecting Probability of Failure
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Workshop Presentation Material - Onshore Pipeline Systems
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Centre for Engineering Research Inc.

External Metal Loss Corrosion - Subjective Attribute Characterization

Seil Resistivity (ohmecm) Soil Characterization: Drainage / Texture
Corrosivity
low > 10.000 excessively drained - coarse texture
below 3000 - 10,000 well drained - moderately coarse texture, or
average poorly drained - coarse texture
average 2000 - 5000 well drained - moderately fine texwre, or
poorly drained - moderately coarse texture, or
very poorly drained with high steady water table
above 1000 - 2000 well drained - fine texture, or
average poorly drained - moderately fine texture. or
very poorly drained with fluctuating water table
high < 1000 poorly drained - fine texture. or
mucks, peats with flucmating water table
Cathodic Protection Characterization
Level
above average adequate* voltage, uniform level
average adequate* average voltage, some variability
below average inadequate* voltage and/or high variability

no cathodic protection
* Note: adequate voltage assumed to fall within a -850 to -1170 mV Instant OFF range.

Coating Condition Characterization
above average Coating condition to be assessed relative to the
average assumed average condition of the coating type

below average given its age and operating temperature




Centre for Engineering Research Inc.

Internal Metal Loss Corrosion - Subjective Attributes

Product Corrosivity Estimated Feawre Depth Growth Rate (mm/yr)
negligible < 0.02
low 0.02t0 0.1
moderate 0.1t00.5
high 0.5w 25
extreme >2.5

Mechanical Damage - Subjective Attributes

Right-of-way Condition Characterization
Excellent Highly distinctive Right-of-way
highly visible signage

Above average

Average Limited or variable indication of Right-of-way
signage at selected strategic locations

Below average

Poor Indistinct Right-of-way
no signage
Dig Notification / Response System Characterization

One-call system (high awareness level) ~ Note: awareness level defined subjectively
One-call system (average awareness level) 10 reflect the degree to which public and
One-call system (low awareness level contractors are made aware of pipeline

None and availability of one-call response



Cenire for Engineering Research Inc.

Ground Movement - Subjective Attribute

Ground Movement
Potential

Negiigible
Low
Moderate
High

Extreme

Pipe Failure Potential

Low
Moderate
High

Joint Type
High quality weld
Average quality weld
Poor quality weld

Mechanical joint

Characterization
(estimated likelihood of movement event pet kmyr)

(<1 in 100,000}
(1 in 10,000)
(1 in 1000)
(1in 100)
(z1ini0)

Characterization
(failure potential given movement event)

(€ 1in 100)
{1in 10)
(linl)

(Characterization

Note: weld quality estimate established subjectively
based on perceived level of quality control associated

with the making and inspecting of butt welds

ek



Centre for Engineering Research Inc.

Environmentally Induced Crack-Like Defects (SCC) - Subjective Attributes

SCC Potential Characterization
no potential SCC potential tied to rating obtained
unlikely potential from SCC soil susceptibility model
likely potential Note: this input is assumed to come
definite potential from company specific models
Cathodic Protection Characterization
Level
above average adequate* voltage, uniform level
average adequate* average voltage, some variability
below average inadequate* voltage and/or high variability

no cathodic protection
* Note: adequate voltage assumed to fall within a -850 to -1170 mV Instant OFF range.




Cemtre for Engineering Research Inc.

Mechanically Induced Crack-Like Defects (metal fatigue) - Subjective Attributes

Seam Weld Type Characterization

None (seamiess)
High guality weld
Suspect weld Problematic vintages of ERW or SAW welds

Poor quality weld e.g. butt welded seams
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PIRAMID Onshore Pricritization Version 1.5
ssodel: D:\PIPELINE TECH JIP\Risk-Based Cprimizacionhg’y program\Verificacion\Model riles\Finall

i

4u# MODEL SUMMARY REPORT started Fri Apr 17 14:58:34 1988 On bhore

Fﬁ####%%#######################################################%########
tem Data

System Title: Cnshore verification Model (with serv. int.]
‘analysis Date: March 1996
_Analysis Preferences: Natural Gas {without Envircnmental assessment)

Baseline Failure Rates:

feference Segment Relative Failure Probability

ilure Cause Failure Rate Small Leak Large Leak Rupture
{Incidents
per km*yr}

Fxrernal Corrosion 0.00030600 .85 0.10 0.65%

Internal Corrosion 0.0000500 05.85% 0.10 .05

Mechanical Damage 0.0003000 0.25 G.50C G.25%

SGround Movement. N/A 0.20 0.40 2.40
ZEtress Corrosion Cracking N/A 0.60 0.30 0.10
i Seam Weld Fatigue N/A G.60 0.30 0.16
“other 0.0002000 0.80 6.10 G.10
- Failure Cause Reference Segment Scale Factor (Kxx)

“External Corrosion 1.69%e-05
Internal Cozrosion 0.153
Mechanical Damage 61.7
Ground Movement N/Aa
"Stress Corrosion Cracking N/A

. 'm Weld Fatigue N/A

i N=3q N/A

%#########################%#######################%###############%####
Segment Data

Tatal MNumber of Distinct Segments: 19

******wrw****w****w*w***ﬁw*w*****ww***********wr***r*f**w******x****tw*****

pipe Seqment #1: QTGN 4 |
i

* Tatal Length . 10 km (0 km to 10 km)
breduct Type(s): Methane (100%)

**t**w**********w***r*******w*w******w*w***********r***wt**********k*******

Section #1: Jkm vto 10km

Artribute Value
“pipeline Diameter 323.9 mm

Pipe Wall Thickness 5.16 mm
‘pipe Body Yield Strength 290 MPa
[ Pipe Body Seam Wald Tvpe High Quality Weld
T pipe Joint Tvpe Average Quality Weld
. Line Age 41 years
Elevation Profile H/A
i presgure Profile 5500 kPa

Cperating Pressure Fange 500 kPa
. Cumulative Number of Pressure (ycles 10008 cycles
Operating Temperature 20 e

¢ duct Flow Rate 10 kg/s

L@ Volume 100 %

+ Billing Abatement Thresholid 100 %
Y oyaducr Transportation Distance 2 km

Aleck Valve ISpacing 1Z.8 km




mime to Block Valve Closure 80 main

Detectabhle Release Volume 2000 m?
.Time to Leak Detection g4 hr
“mime to Leak Stoppage 24 hr
Depth of Cover 1.5 m
“adjacent Land Use Residential - Urban
7 Accessibilicy Near {sasy access)
4 Condition Below Average
~ROW Patrol Frequency Monthly
notification & Response System System (limited awareness)
Crossings/Special Terrain Typical X-Country Conditliocns
' Near Field Terrain N/A
eeneral Seil Corrosivity Average (2000 ~ 3000 chumrom)
iscC Potential of Seil Environment Likely Potential
iExternal Pipe Coating Type Tape
External Pipe Coating Condition Below Average
«Cathodic Protection Level Average
‘prasence of Coating Shielding No
iElectrical Interference/Casing Short No
Product Corresivity Negligible (< (.02 mm/yr!
Ground Movement Potential Negligible {<= 1 in 100,000/km)
Pipe Camage Potential Low (<= 1 in 100)
urface Water within 300 m N/&
Drinking Water within 5 km N/A
ther Water within 5 km N/A
and Use within % km N/A
‘Sengirvive Environment within 10 km N/A
Sensitive Groundwater within 10 km N/A

levation Profile

"kilometre post line elevation (m}
N/A N/A
Pressure Profile
kilometre post operating pressure {(kPa)
5000
5000
Probability and Consequence Estimates -———--=-~--———=-= *
Segment: Al

Section #1: 2 km to 10

rfailure Probability (incidents/year)
Failure Cause Small L.eak Large Leak Rupture

xternal Corrosion 0.01048226 0.0012733 0.0006366
Internal Corrosion 6.0000207 3.0000024 0.0000012
Mechanical [Damage 0.0034698 ¢,0069395 $.0034698
Ground Movement 0.0000002 09.0000004 0.0000004
Stress Corrosion Cracking 0.001909% '0.0009549 0.0003183
Seam Weld Fatigue 0.060000C0+ 5.0000000 §.0000000

“Ovher $.0018000 0.006020C0 0.0002000
“rost of Failure {§ per incident) $92488 $28158380 $63182800

's'r***‘**1(*****'k‘********************#****‘*****‘i"k*************i*********’********
« pipe segment #2: (NEENNEGGDIENGNGNG——_ -

* Total Length 10 km (0 km oto 10 km)
= product Tvpe(s}: Methane(100%)

x*****-x-irf****9:'*!‘1-ir********-xi*t***xr*********w***********************w********

Section #1: Okm to 1Ckm

 Attribute value
2 reline Diameter 323.9 mm
ce Wall Thickness 5.16 mm
-« Pipe Body Yield Strength 290 MPa
i ripe Body Seam Weld Type Suspect Weld
Pipe Joint Type Average Duality Weld




Line Age

“ plevation Profile

Pressure Profile

Operating Presgsure Range

_ Cumulative Number of Pressure Cycles
" Operating Temperature

41 ysars

N/A
5000 kPa
530 kPa

10000 cyeles
20 rC

oduct Flow Rats L0 kg/s
e Volume 100 %
. Billing Abatement Threshoid 10C %
: Product Transportation Distance 3 km
P alock Valve Spacing 12.8 km
Time to Block Valve Closure 50 min
Netectable Release Volume 2000 m?
Time to Leak Detection 24 hr
Time to Leak Stoppage 24 hr
pDepth of Cover i.lm
- Adjacent Land Use Regidential
ROW Accessibilicy Far (difficult access)
ROW Condition Pocr
ROW Patrol Frequency Monthly
: Notification & Response System System (limited awareness)
- Crossings/Special Terrain Bog/Muskeg

"Near Field Terrain N/A
General Soil Corrosivity Above Average (1000 - 2000 chm*cm)
Y SCC Potential of Soil Envirconment Likely Potential

External Pipe Coating Type Tape
xternal Pipe Ccating Condition Relow Average
cathodic Protection Level Average
Presence of Coating Shielding No

" glectrical Interference/Casing Short o

Negligible (< 0.02 mm/yr)
Negligible (<= 1 in 100,000/km)

Product Corrosivity
Ground Movement Potential

Pipe Damage Potential Low (<= 1 in 100}
gurface Water within 300 m N/A
Drinking Water within 5 km N/A
her Water within 5 km N/&
- und Use within 5 km N/A
. Sensitive Environment within 10 km N/A
Sensitive Groundwater within 10 km N/A

Elevation Profile
kilometre post line elevation (m)
N/A N/A&

Fressure Profile

kxilometre post operatring prassure (xPaj

5000
5000
robability and Consegquence Estimates ~-w-———-—ww-=—--= *

Segment:
Secriocn #1: 0 Km te 10 km

A

PR

Failure Probability (incidents/year)
Small Leak lLarge Leak Rupture

External Corrosion + .024892¢ 0.002928% 5.0014642
incernal Corrosion 0.0000207 09.0000024 5.0000012
¥Mechanical Damage . G.0003616 5.0007231 5.0003616
Ground Movement = G.0000002 5.0000004 4.0000004
Stress Corrosion Cracking 5.0043927 0.00215864 5.6007321
Seam Weld Fatigue .0600000 5.0000000 2.0000000
Orher 5.0018C00 3.40g2000 3.00024600
st of Failure ($ per incident) 219481 $258214 $1371880

q***ﬁ—****-ﬂ-***t'kvr**************rv*w*xw********'k!am«k-fv-:r-xw*******t**—****w********

A%
L0 kmi

10 km {9 km bo L

*~ Pipe Segment #3:
~ Total Lengoh :




= DS Y
- Product Typel(s): Metnane{iuut)
-k'!l‘*‘k*\k*******w*****f********t*l’**t**'x*******\L’********’***********T*******‘**‘tt

“ Cecrion #1: Okm to 10km
Lhute Value
ine Diameter 323.% mm
se Wall Thickness 5,16 mm
ipe Body Yield Strength 290 ¥Pa
ipe Body Seam Weld Type Hign Quality Weld
ipe Joint Type Average Quality Weld
; Age 41 years
_Elevation Profile N/A
Pressure Profile 5000 kPa
. Operating Pressure Range 500 kPa
cumulative Number of Pressure Cycles 1000GC cycles
.. Operating Temperature 20 °C
iProduct Flow Rate 17 kg/s
i Line Volume 100 %
Billing Abatement Threshold 100 %
.. Product Transportation Distance 2438 km
‘Block Valve Spacing 12 km
“#Time to Block Valve Closure 90 min
Detectable Release Volume 2000 m?
«=Time to Leak Detection 84 hr
. Time to Leak Stoppage 24 hr
epth cf Cover 1.65 m
addacent Land Use Residential - Urban
ROW Accessibility Near (easy access)
ROW Condition Average
ROW Patrsol Freguency Monthly
Notification & Response Jystem System (limited awareness)
Crossings/Special Terrain Typical X-Country Conditions
Near Field Terrain N/A
General Soil Corrosivity Below Average (5000 - 10,000 ohm*cmi}
~C potential of Soil Enviromment Unlikely Potential
cernal Pipe Coating Type Asphalt
External Pipe Ceating Condition Average
Cathodic Protection Level Balow Average
pPresence of Coating Shielding No
 Electrical Interference/Casing Short No
Product Corrosivity Negligible (< 0.02 mm/vr)
Sround Movement Potential Low (1 in 10,000/km)
pipe Damage Potential Low {<= 1 in 100}
Surface Water within 300 m N/A
Nrinking Water within 5 km N/A
Gther Water within § km N/A
Land Use within % km N/A
Sensirive Environment within :0 km N/a
Zensitive Groundwater within 10 km N/A

. Elevation Profile
kilometre post line elevation {(m)
N/A N/A

Pressure Profile

kilometyre post operating pressure (kPa)
5300

3000

probabiiity and Consegquence Estimatesg -ww---—==--v==--=

A3

Segment :

Section #1i: O km to 10 km

Failure Probabilicy {(incidents/year]
ilure Cause Small Leak Large Leak Rupture
Tuxrternal Corrosion 5.0054384 0.0006338 0.45003189
Tnternal Corrosion 0.0000207 5.000C024 G.0000C12




Mechanical Damage C.O00L7177 5.0034354 3.6017177
s Ground Movement 0.0000020 0.0000040 0.0G00048
Stress Coryosion Cracking 0.00061919 2.0000960 5.00600320
Seam Weld Fatigue 0.0000000 3.0000000 0.00006C0C
Gther 0.00L8B000 0.0002000 0.0002G00

st of Failure {$ per incidsnt) $954908 £28964460 $6331310C

* Pipe Segment #4:
. * Total Length
* Product Type(s):

10 km
Methane (100%}

*i#**********x***w**************************T

decticn #1: Okm to 1Ckm
Attribute
‘pipeline Diameter
: Wall Thickness
Body Yield Strength
Rody Seam Weld Type
Joint Type
Age
Elevarion Profile
Pressure Profile
Operating Pressure Range
cumulative Number of Pressure Cycles
Operating Temperature
Product Flow Rate
Line Volume
Billing Abatement Threshold
Product Transportation Distance
‘ Rlock Valve Spacing
 Time to Block Valve Closure
Detectable Release Volume
‘me to Leak Detection
 .me to Leak Stoppagde
- Depth cf Cover
Adjacent Land Use
 ROW Accessibility
ROW Condition
ROW Patrol Frequency
Notification & Response System
Crossings/Special Terrain
Near Field Terrain
deneral Soil Corrosivity
seC Potential of Soil Environment
External Pipe Coating Type
Fxternal PBipe Coating Condition
Cathodic Protection Level
presence of Coating Shielding
. Ziectyical Interference/Casing Shor
Product Corrosivity
Ground Movement Potential
pPipe Damage Potential

-
i

o Surface Water within 260 m
. Drinking Water within & km
Otner Water within 5 km

rand Use within 5 km
Sensitive Enviromment within 10 km
Sensitive Groundwater within 10 km

t*******%***********************************

.. Elevation Profile
i xllometre postT line elevavicn (m)
....... Y N/A
pressure Profile
kxilomertre post operating pressure
o aYa)
i :m,—G

AH

{0 km to 10 kmj

Value

323.% mm

.16 mm

290 MPa

High Quality Weld
Average Quality Weld
41 years

N/&

5000 kPa

500 kPa

10000 cycles

20 =C

10 kg/s

100 %

100 %

S km

24.56 km

£0 min

2000 m?

84 hr

24 hr

0.6 m

Remote other

Near {(easy acCCess)

Average

Monthly

System (ilimited awareness)
™ypical X-Country Conditions
N/A

Average (2000 2000 ohm*cm)
Tnlikely Potential

Asphal:
Average
Average

HNo

No
Negligible
Moderate (1
Moderate (1
N/A

N/A

N/A

N/A

N/&

NiA

(< 0.02 mm/yr)
in 10006/km)
in 10}

ful

Ak ERE RN L TR kAR KK KKK KT H & KRR K Kk

**‘k*‘**'k*'ﬂ‘****************‘*‘k****



L SUGY

Probabiliry and Consegquence

“gegment : Ay
Section #1: 0 km to 10 km

{incidents/yvear:}

.lure Cause Small Large Leak Rupture
 External Corrosion $.0027056  0.0003183  5.0001332
Internal Coxrosion C.o0C0zZo7 G.0000C24 2.0000012

Mechaniczl Damage 3.0001299 5.0002598 G.0GCLE98
_Ground Movement 0.0002000 0.0004000  0.0004000
“Stress Corrosion {racking 0.0600555 G.0000477 G.00001LE9
“Seam Weld Fatigue 09.50G0000 5.0000000 5.600000¢C

Gther 0.0016000 G.0002000 0.00062060
Cost of Failure {$ per incident) $18441 $213316 5208496

******w*w***t*******************#**w*w*******t*********************w********

~* Pipe Segment #5: a1
:* Total Length 10 km {0 km to 10 km)
s Product Type{s): Methane{l1CC%)

******W*****ﬁ*********i‘*******‘K**************‘k***’**"k************************

ection #1: Okm 2o 10km

Attribute
‘Pipeline Diameter
‘Pipe Wall Thickness
‘Pipe Body Yield Strength
Pipe Body Seam Weld Type
Pipe Joint Type
Line Age
Elevation Profile
agsure Profile
srating Pressure Range
Lumulative Number of Pressure Cycles
Operating Temperature
Product Flow Rate
Line Volume
illing Abatement Thresheld
Product Transportation Distance
Block Valve Spacing
ime to Block Valve Closure
etecrable Release Volume
ime to Leak Detection
Time to Leak Stoppage
o Depth of Cover
“iAddjacent Land Use
ROW Accessibility
= ROW Condition
ROW Patrol Fregquency
“Notification & Response System
Crossings/Special Terrain
“Near Field Terrain
. General Soil Corrosivity
“sor potential of Scil Environment
__External Pipe Coating Tvpe
Exrernal Pipe Ceating Condition
. Cathedic Protection Level
Fresence of Coating Shielding
.. Blectrical Interference/Casing Short
SiProduey Corrosivity
; ~und Movement Potential
se Damage Potentcial
- surface Water within
rinking Water within

i Grher Water within o

Value

914 mm

14.97 mm

448 MPa

High Quality Weld
Average Cuality Weld
21 vears

N/A

6445 kPa

500 kPa

2100 cycles

21.83 =°C

206.308 kg/s

100 %

90 %

3000 xm

27.861 km

15 min

2000 m?

24 hr

24 hr

im

Regidential - Urban
Near {easy access)
Average

Weekly

System (limited awareness)
Typical X-Country Conditions
N/A

Average {2000 - 5000 chm*cm)
Unlikely Potential

Coal Tar

Average

Below Average

No

No

Negligible (<« 0.02 mm/vyr)
Negligible (<= 1 in 100,000/km}
Moderate {1 1n 10}

N/A

N/A

/A



Land Use within 2 km NFA

ensitive Envircnment within 10 km N/A
| Sensitive Groundwater within 10 km N/A
Elevaticon Frofile
ilometre DPOST line elevation {(m}
A N/A
~ Pressure Profile
kilometre post operating pressure {(kPa)

6445
65445

EH e e Probabilicy and Consegquence Estimates -——-—-———-—mmsaweaw
.. Segment: a1

Section #1: km to iU km

Failure Probability {incidents/year)

?%Faiiure Cause Emall Leak Large Leak Rupture
Corrosion 0.0008491 G.C000%99 0.0000499
Corrosion 0.0000039 0.0000008 0.0000002
Mechanical Damage 0.0000002 G.0000008 5.00000C2
Ground Movemernt 0.0000020 2.0000040 2.00000C40
tress Corrosion Cracking 0.00000C0 3.0006000 0.0000000
eam Weld Fatigue 0.000000C0 5.0000000 5.0000000
ther 0.0016000 3.03002000 0.000200C0
ost of Failure ($ per incident} $115774 $3655140 5693667000

e A E A R R AR TR L E SR AR R R AR RS R RS EEEREEREEREERESEESESESEESERERSSESEEE5EESESESEEE]

* Pipe Segment #6: g
Total Length 10 km (Q km te 10 Xm)
Product Type(s): Methane(l100%}

N R R R E R R A E S A R EE R R SRS R SRR E RS EEEEERSEEEEEFEEEEREERNFETEEEETEE SRR KSR ERE S EESS

stion #1: Okm to 10km
‘Attribute Value
Pipeline Diameter 914 mm
 Pipe Wall Thickness 9.14 mm
Pipe Body Yield Strength 448 MPa

Pipe Body Seam Weld Type
Pipe Joint Type

. Line Age

levation Profile
Pregsure Profile
Operating Pressure Range

¥ Operating Temperature
Product Flow Rate

= Line Volume

‘Billing Abatement Threshold

S product Transportation Distance
Bleock Valve Spacing

“ Time to Block Valve Closure

 Detecrable Release Volume

Time to Leak Detection

Time to Leak Stoppage

- epth of Cover

= adjacent Land Use
ROW Accessibility

.. ROW Condition

5 ROW Patrol Freguenoy

. =ification & Response Systemn
s>ssings/Special Terrain

Mear Field Terrain

Soil Corrosivity

of Seil Envireonment

umelative Number of Pressure Cycles

High Quality Weld
Average Qualizy Weld
2% vears

N/A

6895 kPa

500 kPa

2500 cycles

34.08 ©C

275.077 kg/s

100 %

90 %

3000 km

31.454 km

15 min

2000 m3

34 hr

Z4 hr

Im

Remote - forested

Far {(difficult access)
Average

Weeakly

System {limited awareness)
Typical ¥-Country Conditions
N/A

Above Average (1000 - 2000 ohm*omi
tential



Exrernal Pipe Coating Type Coai Tar
External Pipe Coating Condition Average
Cathodic Protection Level Below Average

Presence of Ccating Shieldin No

Elecerical Interference/Casing Short No

Product Corrosivity Negligible {< 0.02 mm/yr)}
sund Movement Potential Low {1 in 10,000/km;
.pe Damage Potential Low (<= 1 in 100)

Surface Water within 200 m N/A

Drinking Water within 5 km N/A

Other Water within 5§ km N/A

Land Use within S km N/A

Sensitive Environment within 10 km N/A

Sensitive Croundwater within 10 km N/A

flevation Profile
kilometre post line elevartion {(m)
N/A N/A

Pressure Profile

kilometre post operating pressure {(kPa)
6895
6855
F st e e Probabilicy and Consequence Estimates ~wwr-——-—--—----= *

Segment: - 4w
Section #1: 0 km vo 10 km

Failure Probability (incidents/year)

Failure Cause Small Leak Large Leak Rupture
External Corrosion 0.0066141 5.0007781 0.000388%1
fnternal Corrosion 0.0000071 0.00000608 0.0000004
Mechanical Damage 0.0000038 G.0C00076 0.00000383
Ground Movement 0.000002¢C 0.0000040 2.00060G40
-ress Corrosion Cracking 0.0023344 3.0011672 5.00063891
:am Weld Fatigue 0.0000000 3.00000060 3.40000000C
Other 0.0016000 3.0002000 0.0002000
Cost of Failure ($ per incident} $21143 $2758013 $315080

*******tt************t******t**t***************************T*t********k****w
* Pipe Segment #7: 53

* Toral Length : 10 km (0 km to 10 km

* Product Type{s): Methane(l00%)

[ E R R LR R R R R R R g A R X A R R R R R R R R R R R

fection #1: Ckm to 10km

Attribute Yaliue
Pipeline Diameter 514 mm
Pipe Wall Thickness 9.14 mm
Pipe Body Yield Strength 448 MPa
Pipe Body Seam Weld Type High Quality Weld
Pipe Joint Type Average Quality Weld
Line Age 26 years
Elevation Frofile N/A
Pressure Profile 6895 kPa
Operating Pressure Range 500 kPa
cummlarive Number of Pressure Cycles 2800 cycles
Operating Temperature 44 .25 °C
Product Flow Rate 275.077 kg/s
Line Volume 100 %
Billing abatement Threshold 34 %

‘nduct Transportation Distance 2000

ook Valve Spacing 21.775% wm
Time rno Bleck Valve Closure 1% min
saeteccable Release Volume 2800 m?

Time oo Leak Detecuion 24 nr




Time to Leak Stoppade 24 hx

Depth of Cover Im
Addjacent Land Use Remote - forested

“CROW Accessibility Far {difficult access)
ROW Conditiocon Average
ROW Patrol Fregquency Weekly
“ification & Response Systeam System {(limiced awareness}
2ssings/Special Terrain Typical X-Country Conditions
Near Field Terrain N/A
General Soil Corrosivity Ave*age {2800 - 5000 ohm*cm}
SCC Potential of Soil Environment Unlikely Potential
External Pipe Coating Type Asphalt
__External Pipe Coating Condition Average
 Cathodic Protection Level Below Average
i Presence of Coating Shielding No
Elecurical Interference/Casing Shoro No
.. Product Corrosivity Negligiblie (< 0.02 mm/yr}
 Ground Movement Potential Low {1 in 16,000/km)
. Pipe Damage Potential Moderate {1 in 10)
Surface Water within 300 m N/A
. Drinking Water within 5 km N/A
Other Water within 5 km N/A
“Land Use within 5 km N/A
Sensitive Environment within 10 km N/A
Sensitive Groundwater within 10 km N/A
Elevation Profile
kilometre post iine elevaticn [m}
N/A N/A
Pressure Profile
xilometre post operating pressure (kPa)
6895
6895
———————————— Probability and Consequence Estimates -—-———=swcommmnno*
gment:
Section #i: O to 10 km
Failure Probability {incidents/vyvear)
Fajijlure Cause Small Leak Large Leak FRupture
External Corrosion 0.0089%961 0.00140584 2.0005232
Internal Corrosion 0.0000674 3.0000009 3.0006004
echanical Damage 4.0000038 5.G000078 0.0000038
Ground Movement 0.000020C0 0.4000400C 0.0000400
Stress Corrosion Cracking 0.0006350 0.0603175 0.000105%8
Fatigue 5.00000C0 0.00006200 3.0000000
0.0016000 0.0002300 0.0002000

Cost of Failure (§ per incident) $20850 5277198 5312104

***Q****w****************************************************Y*f************
-« pipe segmenc #3: (ISR 245
* Total Length 10 km (0 km to 10 km)

B < i ! 3 {T o
L+ product Typei{s): Methans{ilUiU0%)
-;***ww*********t*t****w****************x****************&**w****w********ﬁ**r

Section #1: Dkm to 1i0km

L Aatrribute vValue
Pipeline Diameter 1067 mm
., Pipe Wall Thickness i0.6 mm
“ Pipe Body Yield Strength 483 MPa
. —e Body Seam Weld Type High Qualiscy Weld
pe Joint Type Average Quallty VWeld
Line Age 21 years
Elevation Profile N/A
Prassure FProfile 58295 =Pa




Uperating Pressure rangs
= Cumulative Number of Pressure Cycles
i Cperating Temperature

*Product Flow Rate

Line Volume
% Rilling Abatement Threshold
~oduct Transportation Ristance
ock Valve Spacing

Time £o Block Valve Closure
"Detectaple Release Volume
i Time to Leak Detection
“Time to Leak Stoppage
Depth of Cover
‘adijacent Land Use
. ROW Accessibility

ROW Condition
. ROW Patrcl Frequency
Notification & Response System

ac
i :Crossings/Special Terrain

Near Field Terrain

.General Soil Corrosivity

cgee potential of Soil Environment

00U KPa

2100 cycles
23.85 =C
412.618 kg/is
100 0%

90 %

3000 km
31.145 xm
15 min
2060 m?

24 hr

24 nr

im
Parkliand -
Near {easy
Average
Weekly
System {(limited awareness)
Tvpical X-Countyry Conditions
N/A

Average {2000 5000 ohm*cmj
Unlikely Potential

forested
accesgs)

iExternal Pipe Coating Type Tape
External Pipe Coating Condition Average
Cathodic Protection Level Below Average
Presence cf Coating Shielding No
Electrical Interference/Casing Short No
Product Corrosivity Negligible {< .02 mm/vyr}
- Ground Movement Potential Negligible {<= 1 in 15¢,000/km)
. Pipe Damage Potential Moderate {1 in 10}
Surface Water within 300 m N/A
Drinking Water within 5 km N/A
‘Other Water within & km N/A
‘Land Use within 5 km N/A
‘gensitive Environment within 10 km N/A
“nsitive Groundwater within 10 km N/A
. Elevation Profile
" kilometre post line elevation {m}
N/A N/A
Pressure Profile
kilcmetre pPOSC operating pressure (kPa}

6895
6895

Probablility and Cons

I

Sectiocn #1: 0 km to 10 km

Fa
+: Failure Cause

External Corrosion
Internal Corrosion

i Mechanlcal Damage

© Ground Movement

“ Stress Corrosion Cracking
_ Seam Weld Fatigue

© Other

T rasc of Failure ($ per incident)

L 2 R R R N I I T

#9:

Fipe Segment
Total Length 10 xm (0 lm
Product Typei{s): Methane(i00%)
*

WS
e L R AR R R SRR SR AR R R R

bt

ic

equence Estimares

iiure Probability {(incidents/yvear)
Small Leak Large Leak Ruprure
0.0050771 3.0005973 5.0002587
0.0000052 3.000060Ce $3.34600003
$.00000C10 0.0000021 2.00c001¢
0.000C0020 5.0000040 2.0000040
0.0003584 G.0001752 05.0000597
2.0800000 2.60800008 5.0G600206
5.0616000 0.0002C060 $.0002000
521455 $307273 §362562
w**'ﬂ'*t***i{*&**t***t**wx*t***********i‘***
— Cl

m

LR R L R A R R R R R R R R



Secrion #i: Okm to LGkm

. Attribute

Pipeline Diameter

Pipe Wall Thickness

Pipe Rody Yield Strength
‘pe Body Seam Weld Type
pe Joint Type

Line Age

Plevacicon Profile

Pressure Profile

Operatcing Pressurg Range

Operating Temperature

Preoducs Flow Rate

Line Volume

Billing Abatement Threshold

Product Transportation Distance

Rlock Valve Spacing

Time to Block Valve Closure

Detectable Release Volume

Time to Leak Detection

Time to Leak Stoppage

Depth of Cover

hdjacent Land Use

ROW Accessibility

ROW Condition

ROW Patrol Freguency

Notification & Response System

Crossings/Special Terrain

Mear Field Terrain

General Soil Corrosivity

$CC Potential of Seoil Environment

External Pipe Coating Type

fxternal Pipe Coating Condition
‘thodic Protection Level
cesence of Coating Shielding

Product Corrosivity

Ground Movement Potential
Pipe Damage Potential
gurface wWater within 300 m
Drinking Water within 5 km
Other Water within 3 xm

.and Use within 5 xm
Sensicive Environment within
Sensicive Groundwater within

10
L0
10

Profile
post

Elevation
kKilometre
N/A

N/A

. Pressure Profile
S wilometre DOSE

g 7000
0 #4000

Segment !
Section #1: O km to 19 km

Failure Cause

-cernal Corrosion
cernal Lorrosion
Mechanicali Damage
round Movemeant
-

o~ § o~ T
resgs Corrosion Cracrind

km
km

line elevation

Electrical Interference/Casing Short

{m}

operating pressure

Probability and Congeguence HEstimaltes

Fallure Probability

Value
314 mm
12.7 mm

4%5 MPa

High Qualiiny Weld

Average Quality Weld

22 years

N/A

6500 kPa

1.75973e-06 kPa

3 cycles

14 °cC

205 kg/s

a8 %

100 %

1000 km

16 km

5 min

2000 m?

168 hr

% hr

1.2 m

Agricultural

Far (difficult access)
Average

Bi-Weekly

System {(average awareness)
Typical X-Country Conditions
N/A

Below Average
No Potential
Ceal Tar
Above Average
Above Average
No

No

Negligible {< 0.02 mm/yr)
Low (1 in 10,.000/km}
Moderate (1 in 10)

N/A

N/A

N/A

N/A

N/A

N/A

(5000 -~ 10,000 ohm*cm)

{kPa}

<]

{incidents/year)

Small Leak Large Leak Rupture

G.00002458 a.coo00z0 5.06C0014
50000045 3.000DCOS 3.0000003
5.0C00002 5.0000004 0.00000GC2
0.000020 5.000064006 5.00004060
3.,800600C 5.,e0400000 2.000300C0



3.0G06000C0
0.0002000

GLUgeuuou
5.000400

G.0000Ga0
0.0016000C

Seam Weld Fatigue
Other

Cost of Failure {§ per incident) $181%&38 SEE31L62 5844952

Pipe Segment #10:
fotal Length 10 km (0 km ot

* Product Typel{s): Methane(l00%)
* L

‘k*************#***f******ﬂ‘

‘Section #1: Okm toe 1dkm
ttribute
ipeline Diameter
Wall Thickness
Body Yield Strength
Body Seam Weld Type
Joint Type
Age
Elevation Profile
Pressure Profile
perating Pressure Range
cumulative Number of Pressure Cycles
Operating Temperature
Product Flow Rate
ivine Volume
3illing Abatement Threshold
- Product Transportation Distance
Rlock Valve Spacing
mime to Block Valve Closure
Detecrable Release Volume
. Time to Leak Detection
Time to Leak Stoppage
"Depth of Cover
jacent Land Use
A4 Accessibility
ROW Condition
ROW Patrol Freguency
Notification & Response System
. Crossings/Special Terrain
Near Field Terrain
General Soil Corrosivity
 SCC Potential of Seil Environment
External Pipe Coating Type
External Pipe Coating Condition
cathodic Protection Level
_Presence of Coating Shielding
Zlectrical Interference/Casing Short
. product CorrosiviTy
Ground Movement Potential
.. Pipe Damage Potential
i gurface Water within 300 m
' Drinking Water within 5 km
Cther Water within 5 km
- Land Use within 5 km
Sensitive Environment within 10 km

4oy

“H o sameirive Groundwater within 10 km

. 10 £500

i Zmievation Profile
“r kilometre post line elevation (m}
""" N/& N/A
Pressure Profile
lometre post operating pressure
£500

Probabllicy and Conseguence Estimates ~——--ww——emm—omw=

_**********ﬁ*****%‘**************t**r*******‘*****‘if***i('lr**********I‘****tt******

o

Value

314 mm

12.7 mm

455 MPa

High Quality Weld

Average Quality Weld

22 vears

N/A

&£500 kPa

1.75973e~06 kPa

0 cycles

10 =C

205 kg/s

39 %

100 %

1000 km

16 km

5 min

2000 m?

168 hr

5 hr

1.2 m

Residential ~ Urban

Near {easy access)

Average

Bi-Weekly

System (average awareness)
Tvpical X-Country Conditions
N/A

Below Average
No Potential
Coal Tar
Above Average
Above Average
No

No

Negligible (< 0.02 mm/yr)}
Low {1 in 10,000/km)
Moderate (1 in 10)

N/A

N/A

N/A

N/A

N/A

HN/A

{(R000 ~ 10,000 ohm*cm)

{kPa;



Segmena:w LA
Sectiocn #1l: ¢ km to 1U

Failure Probability (incidents/vear)
Failure Causge Small Leak Large Leak Rupture

ternal Corrosion 3.00002458 5.000600ES 5.0000014
ternal Corrogion 3.0000045 3.00G60C05 5.0000003
Mechanical Damage 0.0000019 G.G0QGC38 5.0000018%
Ground Movement 0.C000200 5.0000400 3.000040C0
Stress Corrosion Cracking G.0000000 0.0000000 0.0000000
Seam Weld Fatigue .03000000 0.000000C 3.,0000000
Sther 0.00160060 0.0002000 0.G002000

Cost of Failure ($ per incident) $11E31% $4071780 5718487000

* Pipe Segment #11:

'r***************************\ﬂ\ﬁ'iz*i‘****rt****w****************‘k**t*****‘k*‘*****
- 1 FEE) 53 L lVal 1
* Total Length 10 kxm (O Xxm to 10 km)

3
* Product Typel(s): Methane(100%)

i************t*************‘***‘*********r**t******t********ﬁ"k******w*********

Section #1: Ukm to 10km

Attribute Value
Pipeline Diameter 300 mm
Pipe Wall Thickness 7.14 mm
Pipe Body Yield Strength 349 MPa
Pipe Body Seam Weld Type Seamless
Pipe Joint Type Average Quality Weld
Line 2Zge 26 years
Elevation Profile N/A
Pressure Profile 5100 kPa
Operating Pressure Range 500 kPa
cumulative Number of Pressure Cycles 3000 cycles
“serating Temperature 10 o¢
oduct Flow Rate 15.85% kg/s
Line Volume 80 %
Rilling Abatement Threshold 100 %
product Transportation Distance 100G km
Block Valve Spacing 4 km
Time to Block Valve Closure 5 min
Detectable Release Volume 2000 m3
Time to Leak Detection 168 hr
Time to Leak Stoppayge 5 hr
Depth of Cover .2 m
Adjacent Land Use Industrial
ROW Accessibility Near {easy access})
ROW Condition Average
ROW Patrrol Freguency Bi-Weekly
Notification & Response System System {average awareness)

Crossings/Special Terrain
Near Field Terrain
General Soil Corrosivity
$0C Potential of Soil Envirorment
External Pipe Coating Type
External Pipe Coating Conditlcn
rfathodic Protection Level
vregsence of Coating Shielding
flectrical Interference/Casing Short
Product Torrcsivity
Ground Movement Potential
Pipe Damage Fotential
Surface Water within 290 m
-inking Water within 5 xm
her Water within 5 knm

Land Use within 5 km
ensicive Envirorment within 12 km
engirive Groundwater within 10 km

Typical X-Country Conditions
N/A

Average {2000
No Potential
Cecal Tar
Average
Average

1

53000 ohm*cm)

Yes &

Negligikle
Low {1 in
Moderate |
N/A
N/A
N/A
N/A
N/iA

N/A



wElevation Profile
skilometre post iine slevation {(m}
N A N/A

iPressure rFrofile

Tometra DOst operating pressure [kXPa)
5200

5000

Probability and Conseguence Estimates —w-———wor———o———

segment : TalsN
JSection #1: 0 km to 10 km

- Failure Probability (incidents/year)
Failure Cause Small Leak Large Leak FRupture

gxternal Corrosicn 0.0015385 0.0001810  0.G000905

iInternal Corrosion 0.00C0085 ¢.00000%1 $.000600s8
Mechanical Damage 0.0004975 2.00C9950 3.0004975
Sround Movement G.0G00200 0.0000400 2.000040¢0

(]

tress Corrcsion Cracking 3.0000000 .00C0000 0.000C000
eam Weld Fatigue 0.00600000 0.000600600 0.000000C
Other C.0016000 0.00020500 0.0002000

ost cf Failure ($ per incident) $§23917 $522204 $5756080

kt*t***xt*********‘k*********************************r******w*************w#t
pipe segmenc #12: (NI NNGGGG—_ O/

* Total Lengihn - 10 km (0 km to 10 km)

"* Product Typel(s}: Methane{100%)

'*t*************ﬂ************’***'Jri(**'k***i‘**i*********************************

‘Section #1: Okm to 10km

~ribute Value
. peline Diameter 914 mm
:Pipe Wall Thickness 11.05 mm
Pipe Body Yield Strength 483 MPa
Pipe Body Seam Weld Type High Quality Weld
Pipe Joint Type High Quality Weld
Line Age 20 years
Elevation Profile N/A
.. Pressure Profile 5826 kPa
L-Operating Pressure Range 441 .3 kPa
‘Cumulative Number of Pressure Cycles 20 cycles
Operating Temperature 22 =C
Product Flow Rate 186 kyg/s
Line Volume 73 %
‘Billing Abatement Threshold 85 %
Product Transportabtion Distance 1000 km
Block Valve Spacing 32 km
‘Time to Rlock Valve Closure $3.3 min
Detectable Release Volume 2000 m?
Time o Leak Detection 48 hr
Time to Leak Stoppage 18 hr
Depth of Cover 1.8 m
Adijacent Land Use Resgidential ~ Urban
___ROW Accessibilivy Near (easy access)
L ROW Condition Above Average
ROW Patrol Freguency Monthly
Notificaction & Response System System (high awareness)
.. Crossings/Special Terrain Typical X-Country Conditions
iNear Field Terrain N/A
waral Soil Corrosivity Average {2000 - 5000 chm*cm)
S Potential of Soil Environment Unlikely Potential
«: External Pipe Coating Type Tape
ripe Coating Condition Above Average
Srotection Level Average




Presence of Ccating sbhieiding

No

lectrical Interference/Casing Short No
roduct Corrosivity Low (£.02 - ¢.1 mm/vyr)
‘Ground Movement Potential Low {1 in 1C,000/km}
Pipe Damage Potential Moderate (1 in 10}
wayrface Water within 300 m N/A
inking Water within 5 km N/A
1er Water within 5 km N/A
pand Use within 5 km N/A
ensitive Environment within 10 km N/A
ensitive Groundwater within 10 km N/&
levation Profile
ilometre post line elevation (m)
/A N/A
Pressure Profile
kilometre post operating pressure (kPa)
sl 5g82¢
5826
o e i Probability and Consequence Estimates -ewm-w——wo——eow- *
fSegmeaent : D
Jection #1: O km to 10 km
Failure Probability (incidents/year}
Fallure Cause Small Leak Large Leak Rupture
External Corrosion 3.00065832 0.0000816 05.0000408
Internal Corresion 0.0000235 0.0000028 3.0000014
techanical Damage 3.0000051 3.00C00L01 5.0000081
Ground Movement 0.0000100 0.0000200 0.0000200
Stress Corrosion Cracking 0.0000000 3.0000000 3.0C00C00
i seam Weld Fatigue 0.0000000 0.0000000 5.0800C0C
Gther 0.0016000 0.0002000 0.0002000
a2t of Failure (§ per incident) $104878 $3333020 $638744000

:***************************f***t***w
* Pipe Segment #13:

* Total Length 10 km (0 km to 10
* product Tyvpei{s): Methane{100%)

P 2 2 AR R IE AR R R o

Okm to 10km

#1:

Attribute
Pipeline Diameter
i Wall Thickness
Body Yield Strength
Body Seam Weld Type
Joint Type
i Age
“ Elevation Profile
Presgsure Profile
Ul Operating Pregsure Range
S cumulative Number of Pressure Cycles
“ Operaring Temperature
__ Product Flow Rate
L nine Volume
. Billing Abatement Thregholid
product Transportation Distance
.. Block Valve Spacing
 Time to Block Valve Closure
rectable Release Volume
se To Leak Detection
. Time o Leak Stoppage
£ Cover
Land Use

A H XK AA LR ER T AT A AR AR LR AA AT AT KA RN TEh&*

b1
km)

PR R R I e R A R X R R R S R

Value
214 mm
3.79 mm
483 MPa
High Cuality Weld
High Quality Weld
17 vyears

N/A

83274 kPa

434 .4 kPa

17 cyeles

11 ec¢
264 kg/s
73 0%

25 %
1000 km
12 km
£6.7 min
2000 =3
720 hr
240 hr
3.8 m
Remote

forescead



ROW ACCcessibility FAY {QIEILICULL access)
- ROW Condition Relcw Average
- ROW Patrol Fregquency Monthly

Y Notification & Response Systen System (high awareness}

Typical X-Country Conditions
N/A
Above Average

Crossings/Special Terrain
Near Field Terrain
neral Scil Corrosivity

{1000 -~ 2000 ohm=com)

2 Potential of Soil Environment Definite Potential

mxternal Pipe Coating Type Tape

External Pipe Coating Condition Average

Cathodic Protection Level Average
" presence of Coating Shielding No

glecrrical Interference/Casing Short Mo

Product Corrosivity Low (0.02 ~ 0.1 mm/yx)
- Ground Movement Potential Low (1 in 1¢,000/km}

Pipe Damage Potential Moderate {1 in 11)
Surface Warer within 300 m N/A
Drinking Water within 3 km N/A
. Other Water within 5 km N/A
Land Use within 5 km N/A
. Sensitive Environment within 10 km N/A
Sensitive Groundwater within 10 km N/A
Elevaticon Profile
kilometre post line elevation (m)
N/A N/A
Pressure Profile
kilometre post operating pressure {(kPa}
' 8274
8274
~~~~~~~~~~~~~~ Probability and Consequence Estimabes ——-vrrmr———eeema X
Segment: DL
Section #1: O tc 10 km

Failure Probability {incidents/yvear)

. railure Cause Small Leak Large Leak Rupture
External Corrosion G.0014032 0.0001721 0.0006861
Internal Corrosion ¢.00002286 0.0000027 G.0000013

_Mechanical Damage 0.0000021 0.0000043 G.0000022
Ground Movement 5.0000100 0.0000200 3.0000200
Stress Corrosgion Cracking 5.0c10328 G.0005164 0.0001722

¢ Seam Weld Fatigue 4.0000000 $.00004G00 0.00000600
- Other 3.0016000 0.0002000 0.0002C00
Cost of Failure (3 per incident) $69083 $307%88 5409320

A L e R A R R R R E R e R e RS RN EE R R LR R L R

D3

* Pipe Segment #14:
= * Total Length 10 km (0 km to 10 kmj
* Product Type(s): Methane (100%)

P R R R L R R E R R S A R R X R R R R IR E R R RS S R

» Section #1: Okm to 10km

Attribuce Value

Pipeline Diameter 323.9 mm
Wall Thickness 4.78 mm
Body Yield Strength 290 MPa

High Quallicy Weld
Average Quality Weld

Zody Seam Weld Type
Joint Type

Age 29 years
"eavation Profile K/A
zzzure Profile 6150 kPa
. Operating Pressure Range 482.6 kPa
Cumilative Number of Pressure Cycles 28 cycles
Cperating Temparature % eC




Producrs Fiow RKate Z4.7 Kgss

s mwl@ Volume 104 %
Billing aAbatement Threshold 85 %
i product Transportation Distance 1000 km
Elock Valve Spacing 32 km
Time to Block Valve Clogure 133.3 min
stoactable Release Volume 2000 md
.me to Leak Detection 720 hr
Time to Leak Stoppage 240 hr
Depth of Cover 3.8 m
Adjacent Land Use Parkland - forested
ROW Accessibility Par {difficuln access)
ROW Condition Average
RCW Patrol Freguency Montchly
" Notificaticon & Responge System’ System |(average awarensass)
Crossings/Special Terrain Typical X-Country Conditicns
Near Field Terrain N/A
General Soil Corrosivity selow Average {50600 - 10,0600 ohm*cm)
SC0 Porential of Soil Environment Likely Potential
External Pipe Coating Type Tape
External Pipe Coating Condition Average
Cathodic Protection Level Average
Presence of Ccating Shielding No
Electrical Interference/Casing Short No
Product Corrosivity Low (0.02 - 0.1 mm/vyr}
Sround Movement Potential Low (1 in 10,0G0/km)
vipe Damage Potential Moderate (1 in 10)
Surface Water witchin 20C = N/A
Drinking Water within 3 km N/A
ther Water within 5 km N/A
Land Use within 5 km N/A
Sensitive Environment within 10 km N/A
Sensitive Croundwater within 10 km N/A

Elevation Profile
ilometre post line elevation {m)
/A N/A

Pressure Profile

kilometre post operating pressure {(kPa)
6150
6150
o o e e e — Probapility and Consequernce Estimates ----—r-—~=--=ww-- *

segment : (NN
Section #1: O km to 10 km

Failure Probabilitv (incidents/year)

Failure Cause Small Leak Large Leak Rupture

External Corrosion 0.0045050 G.0005300 0.000265C
Internal Corrosion 3.000078% 5.0000083 0.0000046
Mechanical Damadge 3.04001z2¢01 5.0002401 4.0001202
Ground Movement 0.00002¢C0 5.0000400 3.0000400
srress Corrosion Cracking 0.0015%090 3.000795¢C 0.0002650
Seam Weld Fatigue 0.060G00CD 3.,0000C00 5.00000G00
Cther G.001800C0 3.000200¢C G.3002000
“ast of Failure (% per incident) $24872 £222838 $227462

**tr**w***********t**********1****#******it*****tt**********i******t****w***

< pipe segmenc #15: (N NENGGEEEENN >/
* Tntal Length < 30 km (2 km to 18 Em)
* product Type(s): Methane (100%)

*w***w******#*r*****w**w***w-kvcr*w**#w****w*********i*w**w**w*w*****w**wt**t

1

acrion #1: Jkm to 10km

3]

¢

(a3

tribute Value

b




Fipesine LiLametelr @9/ mm
.Pipe Wall Thickness 6.35 mm
‘Pipe Body Yield Strength 414 MPa

‘Pipe Body Seam Weld Type High Quality Weld
Pipe Jeint Type Average Cuality Welid
ine Age 30 vyears
Tevarion Profile N/A
:ssure Profile 9191 kPa
Uperating Pressure Range 1006.6 kPa
Cumulative Number of Pressure Cycles 30 cycles
‘Operating Temperature 41 T
"Product Flow Rate 73.4 kg/s
Line Volume 81 %
' Billing Abatement Threshold 85 %
Produce Transportation Distance 1000 km
Block Valve Spacing 32 km
Time to Block Valve Closure 66.7 min
ertectable Release Volume 2000 m?
Time to Leak Detection 720 hr
Time to Leak Stoppage 240 hr
Bepth of Cover 9.8 m
addjacent Land Use Parkland - forested
ROW Accessibility Far (difficult access)
KOW Condition Below Average
LROW Fatrol Fregquency Monthly
otificarion & Response System Systaem (high awareness)
rossings/Special Terrain Tyvpical X-Country Conditions
Near Field Terrain N/A
General Soil Corrosivity High {< 1000 chm*cm)
'SCC Potential of Seil Environment Definice Potential
‘pxrernal Pipe Coating Type Tape
External Pipe Coating Condition Below Average
Cathodic Protection Level Average
- Presence of Coating Shielding Yes
Electrical Interference/Casing Short No
~wnduct Corrosivity Low (0.02 - 0.1 mm/yr)
. sund Movement Potential Low (1 in 10,000/km}
Pipe Damage Potential Moderate {1 in 10}
¥ gurface Water within 300 m N/A
Drinking Water within 5 km N/A
Other Water within 5 km N/A
Land Use within 5 km N/A
Sensitcive Environment within 10 =m N/A
Sensircive Groundwater within 10 xm N/A
mlevacion Profile
kilomerre post line elevation {m}
NiA N/A

Pressure Profile

kilometre post eperating pressure {kPa)
3191

9191

Probability and Conseguence Estimates --—-—ssewa—m————- .

- segmenc : (I DN O -/
 Section #1: ¢ km to 10 km

Failure Probability (incidents/year)

i Failure Cause Small Leak Large Leak Rupture
External Coerrosion 0.2307%60 5.0342066 0.0171033
__ Internal Corrosion 0.0000614 0.0000072 0.000003¢
i Meechanical Damage 0.00006s6 0.0001333 0.0000686
ound Movement G.0000200 £.0000400 0.8000400
ress Corrosion Cracking 0.2082400 5.1028200 0.0342066
. Seam Weld Fatigue 0.0000000 5.00000600 0.0600000¢C
Sther 4.001800C 0.0002000 3.0002000
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************t**********ii***tt****ﬁ********i*****w**f******r*******#********

* Pipe Segment #16:
= Total Length

* Product Typei{s): Methane(100%)

18 xm {0 km vo 10 km}

s

*f**t*************‘k*w******‘k***?*****wrt**************ﬂ***!**w**************

section #1: Ckm to 10km

Attribute

Pipeline Diameter

Pipe Wall Thickness

Pipe Body Yield sStrength
Pipe RBody Seam Weld Type
Pipe Joint Type

Line Age

Elevation Profile
Pressure Profile

" Operating Pressure Range

Cumulative Number of Pressure Cycles
Operating Temperarure
Product Flow Rate
Line Volume
Billing Abatement Threshold
Product Transportation Distance
Block Valwve Spacing
Time to Block Valve Closure
Detectable Release Volume
Time to Leak Detection
Time to Leak Stoppage
Deprh of Cover
Adjacent Land Use
ROW Accessibility
ROW Condition
"W Patrol Frequency

tification & Response System
Ccrossings/Special Terrain
Near Field Terrain
General Soil Corrosivity
SCC Potential of Soil Environment
External Pipe Coating Type
External Pipe Coating Condition
Cathodic Protection Level
Presence of Cecating Shielding
Elecrrical Interference/Casing sSherc
Product Corrosivity
Ground Movement Potential
Pipe Damage Potential
Surface Water within 300 m
Drinking Water within 5 km
SOther Water within 5 km
Land Use within 5 km
Sensitive Environment within 10 km
Sensitive Groundwater within 10 km

BElevation Profile
kilometre post
N/iA N/A

Presgure Profile
kilomenre pos

t operating pressure
7 5453
1¢ 2453

—————————————— Probabilicy and Consequence

segrent ; (EINIERRNNS ) s

Sacrion #1: 0 km £o 10 km

line elevation {(m}

Value

406 .4 mm

2.9% mm

355 MPa

High Quality Weld

High Quality Weld

21 vears

N/A

83453 kPa

12%6.2 kPa

21 cycles

13 ¢¢

53.3 kg/s

72 %

85 %

1000 km

32 km

76.2 min

2000 m?3

720 hr

18 hr

0.8 m

Agricultural

Near {(easy access)

Average

Monthly

System {(high awareness)

Typical ¥X-Country Conditions
N/A

Below Average (5000 - 10,000 chm*cm}
L.lkely Potential

Tape
Average
Average
No

Ho

Low (0.02 -
Low (1 in 10,0C0/km)
Moderate (1

N/A

N/A

N/A

N/A

N/A

N/A

{kPa;

Stimates —w--omosoemm s



GLOWIIN woveilielill rdlslicesd
Pipe Damage Potential
Surface Water within 300 m
Drinking Water wichin 5 km
Other Water within 5 km

Land Use within 5 km
~~psitive Environment within
" jgitive Groundwater within

10 xm
.

10 ¥m

Frofile
post

Elevation
kKilometre
MNiA

line elevation
N/A

Pressure Profile
kilometre post

0 5695
10 5695

‘Segment:
Section #1:

0 km to 10 km R

Failure Cause

xternal Corrcosion

S Internal Corrosion
Mechanical Damage

i Ground Movement

Stress Corrosion Cracking

Seam Weld Fatigue

Other

Cost of Failure ($ per incident)

********************************i***f***********************‘k************i’f*

w‘pﬁ
10 km (0 &m to 10 km)

?ipe Segment #19:
.- Total Length
## o« product Typel(s):

Methane (100%)

t****’******i’****’**#*********l’***************#***************t*********‘ki****

ection #1: Okm to 10km

Attribute

Pipeline Diameter

" Pipe Wall Thickness

‘Pipe Body Yield Strength

Pipe Body Seam Weld Type

‘Pipe Joint Type

‘Line Age

Elevation Profile

.. Pregssure Profile

. Operating Pressure Range

i cumulative Number of Pressure Cycles
Operating Temperature

- Product Flow Rate

. Line Volume

: Billing Abatement Threshold
Product Transportation Distance

=: Block Valve Spacing

i Time to Block Valve Closure

“ Detectable Release Volume
Time to Leak Detection

ime to Leak Stoppage

~pth of Cover

jacent Land Use

 ®OW Accessibilicy

" ROW Condition

‘ROW Parrol Fregquency

{m}

operating pressure

probabilicy and Consequence Estimates

[ R PRV I e

in 100}

it WY F—,
Low {<= 1
N/A
NAA
N/A
N/
N/A&
N/A

{kPaj

Failure Probability {incidents/year)

Small Leak Large Leak Rupture

0.0C089863 3.0001054 (.0000527
0.0000446 0.0000053 0.0000026
0.00C00125 3.8000249 0.0000125
$.00006020 0.0000040 0.0000040
0.0000833 0.000031c 3.0000103
0.000C060 2.0000000 0.0C000C0
G.001600C 0.00602000 0.00062000
$18670 $275308 $1803900

Value

914 mm

2,74 mm

448 MPa

High Quality Weld
Average Quality Weld
29 vyears

N/A

8563 kPa

172.4 kPa

2% cycles

31 ¢

274 kgis

53 %

35 %

100G km

32 km

53.3 min

2000 m*

720 hr

18 hr

J.8 m
Agricultural

Near (easy access)
Above Average
Montchly



Novirication & hesponse sysiem
{Crossings/Special Terrain
Near Field Terrain

eneral Soil Corrosivity

SYBLaen (nign awarenessi
Typical X~Country Conditlons
N/

Above Average (1
Unlikely Potenti

{2 2G00 ohm=~em)

coo -
&

oo Potential of Soil Envircnment i
xternal Pipe Ceoating Type Asphaltc
ternal Pipe Cocating Condition Above Average
chodic Protecrion Level Average
sresence of Coating Shielding No
‘Electrical Interference/Casing Shoro No
- Product Corrosivity Low {$.02 - 0.1 mm/yx)
“around Movement Potential Low {1 in 10,000/km)
Low {<= 1 in 100}
300 m N/A
Drinking Water within S km N/R
Other Water within 3 km N/A
. Land Use within 5 km N/A
. Sensitive Environment within 10 km N/A
tensitive Groundwater within 10 km N/&
«Elevation Profile
ilometre post line elevation (m}
SNJA N/A
Pressure Profile
coperating pressure (kPa)
8563
B563
Probability and Consegquence Estimates ----—wwww-o————— i
' Segment: 3
Section #1: 0O km teo 10 km
Ffailure Probability (incidents/year)
‘Failure Cause Small Leak Large Leak Rupture
ternal Corrosion 0.0023261 0.0002737 0.00C1368
 Internal Corrosion 0.0000432 0.0000051 5.0000025
Mechanical Damage ¢.0000487 3.0000973 0.0000487
Ground Movement 0.000002¢C G.0000040 0.0000040
‘Srress Corrosion Cracking 0.0001642 0.0000821 0.0600274
 Seam Weld Fatigue 0.0000000 0.0000000 5.0000000
Other 0.001600C0 $.0002000 5.00020C00
Cost of Failure {$ per incident) $22706 $303806 5696949
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Section D

Model Output
for
On Shore Gas Pipelines

General Risk Ranking
(all segments)

C-FER Technologies Inc.
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Section E

Model Output
for
On Shore Gas Pipelines

Risk Ranking and
Cause Breakdown
(small diameter lines)

C-FER Technologies Inc.
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Model Output
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On Shore Gas Pipelines

Maintenance Priority
Based on Risk Ranking
by Failure Cause

C-FER Technologies Inc.
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Section H

General Findings
for
On Shore Pipelines

C-FER Technologies Inc.
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APPENDIX D

Workshop Presentation Material — Onshore Pipeline Systems

C-FER Technologies Inc.




Section 1

Offshore Pipelines

C-FER Technologies inc.
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PIRAMID Offshore Pricoritizacion Version -.>
Model: E:\Userdata\PIPELINE TECH JIP\Risk-Based Optimization\37 Program\Verification\CffZhore

&% MODEL IUMMARY REPORT started Fri Sep 11 05:320:09 1938

ﬁé######%##############################%#################@##%###########
taem Data

System Title: MMS gas pipeline
Analysis Date: March 1598
“inalysis Preferences: Natural Cas (withouc Environmental assessment)

seline Fallure Rates:

i Reference Segment Relative Failure Probabilicy
Failure Cause Failure Rate Small Leak Large Leak Rupture

{Incidents
per km*yr)
External Corrosion 3.0001000 2.85 9.10 0.405
Internal Corrosion 3.0004400 0.85 0.1i¢ 0.05
‘Mechanical Damage 5.000130Q0 0.25 0.50 0.2%
Jatural Hazard Damage 0.0000800 .25 0.50 0.25
“Ground Movement N/A .20 0.40 0.40
Stress Corrosion Cracking N/ A 0.60 0.30 0.190
sirth Weld Fatigue N/A 0.60 0.30 0.10
her 3.0001600 0.80 0.19 0.10
ilure Cause Refarence Segment $S$cale Factor [(Xxx}

External Corrosion 5.001252%
ternal Corrosion 16.333
Mechanical Damage 66.8978
Natural Hazard Damage 310720
sround Movement N/A
Stress Corrosion Cracking N/A

‘h Weld Fatigue N/A
¥ uer 343

Spill Impact Parameters:

/A

#########%#############################################################
gmSegment Data

Total MNumber of Distinct Segments: 5
*********i"k******"ﬂ'**i********w********‘**lt*fl‘****i’***********************'k**t*
- pipe segment +1. (i N NNEND S!

* Total Length : 20 km (0 km o 20 km}
¢ pProduct Tvpe{s): Natural Gas(i00% methane) (100%)

_x********w*************************’****t********‘**********************t****f

Section #1: Ckm to lkm

Atfribute Value

< pipeline Dlamster 237 mm

ipipe Wall Thickness 15.0% mm
Pipe Body Yield Strength . 241 MPa

- Pipe Joint Tvpe High Quality Weld

L Line Age I years

S Elevatrion Profile -12.352% =
Product Temperature Z1 =C

-.Pressure Proille 2254.78 kPa

T Omanning Stress Range le~-07 MPa

S mlarive Mumber of Stress Cyoles 2.1 cycoles
~.oduct Flow Rate 15 kg/s

.. Block Valve Spacing 20 km

" Time cc¢ Block Valve Closure 10 min

- nerecrable Felease YVolume 200 m?

-~ 4

Time to Leak Detection L4 nr



Time to Leak Stoppage
Number of free spans
‘Seabed Environment Corrosiviuy
+5CC Porential of Soil Environment
External Pipe Coating Type
..EXternal Pipe Ccating Cendition
- thodic Protection Level
i1 aduct Corrosivity
Depth cof Cover
.Ground Movement Potential
‘Pipe Damage Potential
siAdjacent Platform Type
Adijacent Platform Offset
_Vesgel Traffic Density
. Subsea Activicy
2Spill Tradjectory Launch Zone
Warer Depth Range
_Pipeline COrientation
“~Line Volume
_"Billing Abatement Threshold
‘product Transportation Distance

Section #2: lkm to 19km

Attribute

Pipeline Diameter
i wall Thickness
sody Yield Strength
Joint Type

Line age
: Elevation Profile
Product Temperature
" Pressure Profile

Spanning Stress Range
CCcumulative Number of Stress Cycles
. Product Flow Rate
' Block Valve Spacing
‘me to Block Valve Closure
:tectable Release Volume
‘Time to Leak Detectiocn
‘Time to Leak Stoppage

Number of free spans
Seabed Envirconment Corrosivity
5CC Potential of Scoil Environment
External Pipe Coating Type
External Pipe Coating Condition
athodic Protection Level
Product Corrosivizy
- Depth of Cover
Grounrd Movement Potential
. Pipe Damage Potential
" adjacent Platform Type
- Adijacent Platform Offset

Vaessel Traffic Density
. Subsea Activity
Spiil Trajectory lLaunch Zone
| Water Depth Range

Pipeline Crientation

Line YVolume

Billing Abatement Threshold
pProduct Transportation Distance

€ {1 §

Section #3: 1%km to Z0km

Artribute

Pipeline Diameter

pipe Wall Thickness

vipe Zody Yield Strength
ine Type

[

1]

Profile
mperaturs
nfile

ess Range

0o
P ]
(1t e Uy s
3OH 1 el O
Q
=3

i

Y
v 0
A

[
Ead

44 nr

0 /km

Very Low

No Potential

Poly/Epoxy

Abhovea Average

Above Average

Negligible i< 0.02 mm/yr}
Continucus, Significant Coverage
Negligible (<= 1 in 100,000/km}
Low (<= 1 in 100}

Minor Unmanned

Om

Moderate Traffic Density
No

N/A

Deep {10 to < 60 m)

0 deg

100 %

100 %

20 km

Value

237 mm

15.09 mm

241 MPa

High Quality Weld

1 vears

-15.25 m

21 °cC

7927.5 kPa

i1e-07 MPa

0.1 ¢cycles

15 kg/s

20 km

30 min

200 m3

24 hr

24 hr

0 /km

Very Low

No Potential

Poly/Epoxy

Above Average

Above Average

Negligible (< 0.02 mm/vr;
Continucus. Significant Coverage
Negligible {<= 1 inm 100,C00/km)
Low {<= 1 in 10O

None

N/A

Moderate Traffic Density
No

N/A

Deep (10 to < &0 m)

0 deg

100 %

100 %

20 km

Value

237 mm

15.69 mm

241 MPa

High CQuallizy Weld
1 years

-18.1475 m

21 =C

TH00.523 wka

le-07 MPa




Cumulative Number of Stregs Cyciles 9.1 cycLes

wrroduct Flow Rate 15 kg/s
Bloek Valve Spacing 20 km
“Time to Block Valve Closure 30 min
Detectable Release Volume 200 md
-Time to Leak Detection 24 nr
ne to Leak Stoppage 24 hr
i soer of free spans O /km
Seabed Environment (orrosivity Very Low
SCC Potential of Soil Environment No Potential
External Pipe Coating Type Poly/Epoxy
GExternal Pipe Coating Conaition Above Average
Cathodic Protection Level Above Averayge
,,,,,,, Product Corrosivity Negligible i< /YY)
Soepth of Cover Continuous. Si icant Coverags
Ground Movement Potential Megligible (<= 1 in 100, 000/km)
Pipe Damage Pctential Low (<= 1 in 1003)
. Adjacent Platform Type Major Manned
. Adjacent Platform Ofifset Om
. Vessel Traffic Density Moderate Traffic Density
Subsea Actrivity No
_8pill Trajectory Launch Zone N/A
" Water Depth Range Deep (10 to < 6C m)
iiPipeline Oriencaticn 0 deg
"Line Volume 190 %
Billing Abarement Thresheold 100 %
Product Transportation Distance 20 km

TZlevation Profile

Kilometre postT line elevation {m)
3 -12.2

20 ~3L8.3

Fressure Profile

- kilometre post operating pressure (kPa)

8272

7583
e oo sl ility and Consequence Estimates —-——————-————=——— *
. Segment: S

Section #1: 0 km o 1 km

Failure Probability {incidents/vear)

Cause Small Leak Large Leak Rupture
External Corrosion 0.0000001 0.0000000 3.0000Q0C
*aterrnal Corrosion 2.000001C 0,0000001 2.0000001
Mechanical Damage 5.00018%57 3.G00391% 3.0C0195%7

arural Hazard Damage 0.0001539 3.C003078 0.0001539
Zround Movement 3.00000C0 3.000600G00 3.0000C00
Stress Corrosion Cracking 3.000C000 0.0000000 3.0000000

Weld Fatigue 3.000C0C0 0.0000000 3.460006000
0.56001882 5.0000232 3.0000232
Failure {$ per incident) 5504500 510154G0 $2075190

§2: 1L km to 19 km

Failure Probabilitv {incidents/year)

Failure Cause Small Leak Large Leak Rupture
External Corrosion 5.0000014 3.0000002 2.0006001
Tnternal Corrosion 3.0000185 3.00C0022 2.0000012
Mechanical DJamage 5.0003543 0.00C67047 3.0G003523
Natural Hazard Damage G.00027735 3.000554¢C 5.00027740
Ground Movement 3.0000602 0.00000604 2.0000004
Ttrass Corrosion Cracking 4.C00C000 0.00006GG0 5.06C0G00
rth Weld Fatigue 3.C00CC0C 0.00000600 3.5000000
G.0033345 3.0C0D4168 0.0404168

5502601 $1010410 52088370




Secrion #3: 1Y Km to ZuU km

_* Pipe Segment #2:

ix Tatal Length 10 km

“section #1: Okm to 10km

“Attribute

Pipeline Diameter
‘Pipe Wall Thickness
ipe Body Yield Strength
Pipe Joint Type

Line Age
mplevation Profile
‘Product Temperature

Pressure Profile

Spanning Stress Range
s cumulative Number of Stress Cycles
Preoduct Flow Rate
“alock Valve Spacing

ne to Block Valve Closure

cectable Release Volume
Time to LAY Detection ‘g
Time vo Leak Stoppage
Number of free spans
Seabed Envircnment Corrosivity
SCC Potential of Scoil Environment
External Pipe Coating Type
zxrernal Pipe Coating Conditicn
- athodie Protection Level
Product Corrosiviiy
Cepth of Cover
Ground Movement Fotential

Pipe Damage Potential
Adjacent Platform Type
Adjacent Platform Cffset
Vessel Traffic Densicy
Subsea Activity
Spill Trajectory Launch Zone
Water Depth Range

i Failure Probability {incidents/year})
srailure Cause Smalil Leak Large Leak Rupture
_Extarnal Corrosion C.0000C0L 3.00600000 5.00C0000
-~ warnal Corrosion G.0500010 G.0000C0L 0.0000001
24 ‘hanical Damage G.0000136 §.0000381 0.5000188
Natural Hazard Damage 3.0000154 0.0000308 0.4000154
LSround Movement 45.0000000 .580060000 3.0000000
i Stress Corresion Cracking £.0000000 G.0000000 0.5000000
Girth Weld Fatigue 0.0000000 5.0000000 3.0000000
Other $.0001852 3.0006GR32 $.0000232
Cost of Failure {$ per incident) £1224650 $54673%60 518615800

T Y 2 2 R R R R R R R R e R R RS RS S R T

Sy

i {0 km £o 13 km)
o Product Type(s): Natural Gas(100% methane) (100%)
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Yalue

237 mm

15.09 mm

241 MPa

High Quality Weld
1 years
~15.25 m

21 =C

7930 kPa
1e-07 MPa

0.1 cycles

15 kg/s

20 km

A0 min

200 m?

24 hr

24 hr

0 /km

Vary Low

No Potential
Poly/Epoxy
above Average
Above Average

Negligible (< 0.02 mm/vr)
Continuous, Significant Coverage
Negligible (<= 1 in 1C0,800/km}
Low {<= 1 in 100}

Noneg

N/A

Low Traffic Density

No

N/A

Deep (10 to < 50 m}

Pipeline Crientation 0 deg
o Line Volume 100 %

Billing Abatement Threshold 100 %
i ormduct Transportation Distance 20 xm
.. Blevation Profile
 kilometre DOSt line elevation {m)

G ~15.25

i ~15.25

srassure rrofiile

iomerrs DOSC operating pressure [(kXPa)
- 7830
Lo 7936
Consequence Estlimateg -w-mmem-—o—m—me————— *
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Section #1: 0 km to 14 Km

Failure Probability (incidents/year)
Failure Cause Small Leak Large Leak Rupture
~External Corrosion 3.0000008 0.56000001 0.60000046
-*srnal Corrosion 0.0000103 3.0000012 4.0C00006
i aanical Damage 3.0000%96 5.0000391 0.0000198
Natural Hazard Damage J.00001z24 5.0000308 0.0000154
Ground Movemenc 0.0000001 G.G000002 G.G000002
Srress Corrosion Cracking 0.000CC00 J.0000000 2.00000060
Zirch Weld Fatigue 0.0000000 5.0000000 3.0000000
Other 9.0018528 0.0002316 5.0002318
of Failure {$ per incident: 5503492 $1G05810 $2009740

******************1************w*******************'k****—********Q**t***tt***

* Pipe Segment #3: M{ s
Total Length : xm {0 km to 1 km)

i product Type{s): Natural Gas(100% mechane) (100%)

o P E e A SR SR FZ R R RS R R R R R R R E R A A RS SRR SRR RS ARSI EESREEREE R RS B Il

ection #1: Okm to lkm

Attribute Value
Pipeline Diameter 237 mm
Wall Thickness 15.09 mm
Body Yield Strength 241 MPa
Joint Type High Qualiity Weld
Age I vears
levation Profile -15.3 m
. Product Temperature 21 =C
‘Pressure Profile 7930 xPa
Spanning Stress Range le~07 MPa
‘Cumulative Number of Stress Cycles 0.1 cycles
- Product Flow Rate 15 kg/s
"Block Valve Spacing 20 km
" we to Block Valve Closure 30 min
.ectable Release Volume 200 m?
Time to Leak Detection 1 hr
‘mime to Leak Stoppage 24 hr
Number of free spans G /km
. Seabed Environment Corrosivity Very Low
'8CC Potential of Soil Environment No Porential
xternal Pipe Coating Type Poly/Epoxy
External Pipe Cgating Conditicn Above Average
athodic Protection Level Above Average
oroducy Jorrcsivity Negligible {< 0.02 mm/yr)
Depth of Cover Continuous, Significant Coverage
Sround Movement Potential Negligible (<= 1 in 100,000/km}
Pipe Damage Potential Low {<= 1 in 100)
‘Aadijacent Platform Type Major Manned
adjacent Platform Cffset Om
Vessel Traffic Density Mederate Traffic Density
. Subsea Activicy Yes
" 8pill Trajectory Launch Zone N/A
i Water Depth Range Deep (10 to < &0 m)
Pipeline Crientation 4 deg
. Line Volume 160 %
. Billing Abatement Threshold 100 %
© product Transportation Distance 20 km
Zlevation FProfile
kilometre post line elevation (m}
o -18.3
i -15.3
i Pressure Profile
Tometre DOST operating sressure [(kKPaj
T930
i 7930

T Congsequence ESTImALes w-----—----mmoee x

S




Section #1: 0 km te 1 km

Failure Probabilicy (incidents/year;
ailure Cause Small Leak Large Laaxk Rupture

xternal Corrosion 2.0000001 2.0000000 3.0000000
“ernal Corrosion g.50otc1o 0.000000% G.0000001
nanical Damage 0.6001957 2.0003915 5.6001987
Natural Hazard Damage 3.0001583¢ 0.0003078 2.000GL53%
Jaround Movaement G.2000000 4.820Q0000 3.0000000
“Zrress Corrosion Cracking 5.000000C0 G.006060000 0.0000Q00
“Sirth Weld Fatigue 0.0000000 2.00000G0 0.0000000
Cther 0.0001852 0.0000232 5.00GC0232
of Failure {3 per incident) 51239470 55568040 515928800

“ .irir***w!\-**‘**ic*****************‘****W**tt******‘t*****1—*******wﬂ******i****’*****
..* Pipe Segment #4:-) s1

¥ Total Length : 1 km (0 km to 1 km

x Product Typeis): Natural Gas{100% methane) (100%}

**********************’*****rt****i*****************‘**********t*****t*t******

Section #1: Okm to lkm

“Attribute Value
Pipeline Diameter 237 mm

ipe Wall Thickness 15.08 mm
ipe Body Yield Strength 241 MPa
Pipe Joint Type High Quality Weld
i AT 25 vyears
b rofile ~15.3 m
¢ Temperature 21 °C
Pressure Profile 7930 kPa
Spanning Stress Range 1e-07 MPa
umuiative Number of Stress Cycles 0.1 eycles
Product Flow Rate 15 kg/s=
Block Valve Spacing 20 km
nwe to Block Valve Closure 30 min
© .ectable Release Volume 200 m?
‘Time to Leak Detection 24 hr
“mime to Leak Stoppage 24 hr
Number of free spans 0 /km
eabed Environment Corresivity Moderate
CC Potential of Scil Environment No Potential
"oxternal Pipe Coating Type Poly/Epoxy
Txternal Pipe Coating Condition Below Average
Cathodic Protection Level Below Average
roduct Jorrosivity Low (0.02 to O.imm/vyr}
Depth ol Cover Intermittent or Partial Coverage
Ground Movement Potential Negligible (<= 1 in 100,0C0/km)
4 Pipe Damage Potential Low (<= 1 in 100)
i adiacent Platform Type None
“inddacent Platform Cffset N/A
Vesgel Traffic Density High Trafflc Density
Subsea Acrivity No
'$pill Trajectory Launch Zone N/A
Water Depth Hange Deep (10 to < €0 m}
Pipeline Orientation 0 deg
= Line Volume 100 %
T Billing Abatement Threshold 100 %
i product Transportation Distance 20 km
- Elevation Profile
‘kilomectre post line elevation (m}
s -15.3
10 ~15.13
cragsure Frofile
Lomenre pDOSst operating pressure (kPa)l
7A30
18 Ta30
e Preopablility and Conseguence ESLiManes —--—--———==—==——— *
segrent: (NN




Section #l: 0 km to 1 xm

Failure Probability (incidents/vear)
Taiiure Cause Small Leak Large Leak Rupture

External Corrcsiocn 0.0001413 0.0C001LE8 5.0008083
-~arnal Corrosion 0.0001289 3.0000152 0.0000078
wanical Damage 0.000489%4 5.0009787 0.0004894
Nacural Hazard Damage 0.00603847 2.00076%94 $.0003847
round Movement G.0000000 $.0000000 $.5000000
reas Corrosion Cracking 0.88000C0 35.0000000 C.Ca00000
roh Weld Fatigue 0.9000000 0.0000C0008 3.0000000
9.0001832 0.06400232 0.0000232

{(§ per incident) $505017 510720L0 $2731340

B A K KT R A KT R AR E AR AR AT RN AT AR R R A RA R T IR AR R R A AR A AR AR XA XTI AR A LA R AR TR R AR A dr®

< ripe seqnent +5: (SN S
* Total Length : km {0 km to I km)

Product Typeis): Natural Gas{100% methane) (100%)
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“Section #1: Okm to lkm

Attribute Value
Pipeline Diamecer 237 mm
ipe Wall Thickness 15.09 mm
ipe Body Yield Strength 241 MPa
Sipe Joint Tyvpe High Qualicy Weld
ne Age 25 years
evation Profile ~15.3 m
roduct Temperature 21 =C
ressure Profile 7930 kPa
Spanning Stress Range le-07 MPa
umulative Number of Stress Cycles 0.1 cycles
Product Flow Rate 15 ka/s

‘Rlock Valve Spacing 20 km
* e to Block Valve Closure 10 min
ectable Release Volums 200 m3

ime to Leak Detection 1 hr
‘rime to Leak Stoppage 24 hr
Number of free spans 0 /km
Seabed Environment Corrosivity Moderate

CC Potencial of Soil Environment No Potential
xternal Pipe Coating Type Poly/Epoxy
External Pipe Ceoating Conditcion Below Average
athodic Protection Level Below Average

roduct Corrosivicy Low (0.02 teo O.imm/vr)

pch of Cover Intermictent or Partial Coverags
Ground Movement Potential Negligible (<= 1 in 100,000/kxm}
.pipe Damage Potential Low (<= 1 in 100Q)

djacent Platform Type Madjor Unmamned

djacent Platfcrm Offset 2 m
Yassel Traffic Density Moderate Traffic Density
Subsgea Activity Yes

pill Trajectory Launch Zone N/A

water Depth Range Deep (10 to < 680 m)
Pipeline Orientation & deg

Adne Volume 100 %

‘Billing Abatement Threshold 100 %

‘Product Transportation Distance 20 km

line elevation {m}
T

b
i U

(ad Lay

cperating pressurg {(xPaj
7930
TH3IC

Probabil and Consequencs ESLimAares ~-=wwm————m--o—— *
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